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PREFACE. 



The ENCYCLOPiBDiA Bbitannioa'*' is standard author- 
ity on Science^ and on Arts and Manufactures. It 
is an expensive work, and its circulation in America 
is confined to Libraries in prominent cities. It was, 
therefore, deemed advisable, by the Publishers of this 
Book, to put in form convenient for the humblest 
private Library, the information it furnishes on some 
of the Arts in which everybody is interested. 

Printing, Pottery and Porcelain, Gas-Light, Glass, 
and Iron were selected by the Editor, because in 
their uses they are familiar to all the people, but in 
their history, and in the process of their manufacture, 
are mysteries to a large majority. 

The articles, herewith published, are agreeable 
in style ; they have been condensed only in parts 
pertaining especially to English processes of man- 



^ *The Encyclopedia Britannica, or Dictionary of Arts, Sciences, and 

General Literature. Eighth Edition, with extensive improvements and 
additions, and nnmeroos engravings. Adam and Charles BIac1(, Edin- 

* burgh, ScoUand. Little, Brown & Co., Boston, Massachusetts. 22 vols. 

quarto. 186L 
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ufacture ; and the Editor is confident that they will 
prove both instructive and interesting to all who 
have not made the Arts represented a particular 
study, and will be serviceable to many who practi- 
cally pursue those Arts. 

W. T. C. 

Columbus, Ohio, January, 1861. 
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BY THOMAS C. HANSARD. 
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LETTER-PRESS PRINTING. 



Pbikting 18 the art of taking one or more impressions 
from the same surface, whereby characters and signs, cast, 
engraven, drawn, or otherwise represented thereon, are 
caused to present their reverse images upon paper, vellum, 
parchment, linen, and other substances, in pigments of va- 
rious hues, or by means of chemical combinations, of which 
the components are contained on or within the surface from 
which the impression is taken, or in the fabric of the thing 
impressed, or in both. 

The most important branch of printing is what is called 
tetter-press printing, or the method of taking impressions 
from letters and other characters cast in relief upon separate 
pieces of metal, and therefore capable of indefinite combi- 
nation. The impressions are taken either by superficial or 
surface pressure, as in the common printing-press, or by 
lineal or cylindrical pressure, as in the printing machine 
and roller-press. The pigments or inks, of whatever color, 
are always upon the surface of the types; and the sub- 
stances which may be impressed are various. Wood-cuts 
and other engravings in relief are also printed in tins 
manner. 

Copperplate printing is the reverse of the above, the char- 
acters being engraven in intaglio, and the pigments or inks 
contained within the lines of the engravings, and not upon 
the surface of the plate. The impressions are always taken 
by lineal or cylindrical pressure ; the substances to be im- 
pressed, however, are more limited. All engravings in in- 
taglio, on whatever material, are printed by this method. 

Lithographic printing is from the surface of certain porous 
stones, upon which characters are drawn with peculiar pen- 
cils. The surface of the stone being wetted, the chemical 
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coloring compound adheres to the drawing, and refuses the 
stone. The impression is taken bj a scraper that rubs vio- 
lentlj upon the oack of the substances impressed, which are 
fewer still in number. Drawings upon zinc and other mate- 
rials are printed bj this process. 

Cotton and ccuico printing is firom surfaces engraven 
either in relief or intaglio. The chemical compounds are 
either on or within the characters, as pigments or chemical 
colors, or in the fabric to be printed, but mostly in both ; the 
combination of chenucal substances producmg color when the 
fabric and the engraving are brought into contact. The im^ 
pression is either superficial or lineal, but mostly lineal. 

mSTOEY. 

The origin and history of an art which has exercised such 
an influence on civilization, and contributed in so essential 
a manner to the cultivation of the human intellect, have 
naturally become a matter of inquiry amongst the learned, 
and have almost as naturally been the source of earnest con- 
troversy; for there are few effects of human invention or 
industry that have been originated and brought to perfection 
at a particular epoch, without any previous train of thought 
or circumstance, so that the precise day or year could be 
noted in which the perfect Minerva started fbrth in full ma- 
turity. On the contrary, it is difiBcult to say at what period 
of time the germ of the art of printing did not exist. So 
obvious is the reproduction of similar appearances from an 
impression of the same surface, that the most early of man- 
kind must have noted it; and even the impression of a foot 
or a hand must have suggested a simple ana intelligible mode 
of conveying an idea, o^fore the invention of any kind of 
writing. Accordingly, these and similar signs are found to 
compose the chief characters of the earliest writing. 

Observing this general law of the gradual perfectibility 
of human arts, we must look back to the most remote ages 
for the first steps of that of prmting. We shall accordingly 
find certain evidence, that more than two thousand years 
before our era, a method of multiplying impressions, rude 
and imperfect in the extreme, was certainly practiced. 

The earliest practice which can with propriety be called 
printing was probably that of impressing seals upon a plastic 
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material, the purpose being confined to the single effect of 
eacb ningle impression. The next step of which the dili- 
gence of inquirors has taken note, and which is a step thus 
much further in advance that its object was the multiplica- 
tion of impresnons for the purpose of diffusing information 
— the practice, namely, of impressing symbols or characters 
upon clay and other materials used in forming bricks, cylin- 
ders, and the walls of edifices — was an art confined, so far 
as our knowledge extends, to the ancient centers of civiliza- 
tion in Egypt and Ama. Some examples of this art found 
their way many years ago into the great public museums 
and chief private collections of Europe, where they were 
objects of curiosity and wonder. In the present day, the 
researches of Sir Gardner Wilkinson and others into the 
antiquities of Egypt, and of Sir Heniy Rawlinson and Mr. 
Layard into the rums of the buried cities of Asia, have pro- 
duced a vast quantity of materials illustrative of tiie subject* 
The relative antiquity of the Egyptian and Asiatic remains 
belong to another inquiry. Among the Egyptian remains 
are numerous bricks of clay stamped with the nomen and 
agnomen of the king inclosed within a cartouche. The mode 
by which the impesrions were made is manifest. The prints 
are very irregularly placed, without any reference to paral- 
lelism with ^e sides, and are always more or less awry, 
according to the manual skill and care of the workman : the 
surface of the bricks around the depression is forced up con- 
siderably, which is exactiy the effect of pressing the hand or 
any substance into a plastic material; and the edges, both of 
the general depressions and of the figures, present the effect 
of the stamps naving been drawn up whilst the clay was yet 
damp and adherent to it. It is therefore evident that the 
inscriptions were stamped in after the clay had been turned 
out of the mould, and were not produced by any part of it. 
To make the evidence complete, there have been found many 
stamps of wood, having on the face cartouches and inscrip- 
tions precisely resembling in kind those which must have been 
used for stamping the bricks. On some of these stamps and 
impressions there are slight traces of color. There have 
also been found in Egypt numerous figures of baked clay 
and porcelain on which hieroglyphic characters have appa- 
rentiy been impressed singly, side by side, by stamps ; and 
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on the walls of their rader btiildings hierogly^ic and |ncb>> 
rial figures of considerable size have been produced bj the 
same means and afterward colored. Of articles of. domestic 
use are certain instruments called tesseroe. haying incised 
characters, the use of which has certainly been to stamp 
plastic materials ; and there have also b^.en found leather 
belts and ornaments on which figures have been impressed 
singly by tools. 

The ruins of the cities of Asia supply us with numerous 
examples similar to those of Egypt, but carrying the art 
farther. The ruins contun countless bricks, on which are 
impressed inscriptions similar to those of Egypt, but much 
more elaborate. Mr. Layard says, that the characters on 
the Assyrian bricks were made separately : some letters may 
have been impressed singly with a stamp, but from the care- 
less and irregular way in which they are formed and grouped 
together, it is more probable that they were all cut by an 
instrument and by hand ; but that the inscriptions on the 
Babylonian bricks are generally inclosed in a small square, 
and are formed with considerable care and nicety ; they ap- 
pear to have been impressed with a stamp, on which the 
entire inscription, and not isolated letters, was cut in relief. 
From this circumstance, Mr. Layard ascribes greater an- 
tiquity to the Assyrian remains. 

Mr. Layard's researches have further made evident that 
the ancient inhabitants of these cities practiced a more ad- 
vanced and elegant usage of imprinting in their domestic 
and ornamental arts. He has discovered great quantities of 
tiles and tablets covered with incised or incmsed characters, 
on which was impressed, while the clay was yet wet, a line 
of characters or symbols — apparently an authorization or 
verification — produced by the rolling of engraved cylinders ; 
and other tiles, of which he says, ^^ The most common mode 
of keeping records in Assyria and Babylon was on prepared 
bricks, tiles, or cylinders of clay, baked after the inscription 
was impressed ;^^ — this impression must not be mistaken for 
the application of a stamp ; it is eflfected by the use of an 
instrument in the hand, by which various combinations of the 
same form were indented into the moist clay, and therefore 
partakes more of the character of impressed writing: in 
many of the specimens thus impressed, the writing (or text) 
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does not cover the entire tile or tablet, and the blank is filled 
up by repeated impressions of the same seal ; and in some 
cases the entire text has been surrounded by an impression 
firom a cylinder rolled round, forming an endless scroll, by 
which any addition to the text is rendered impossible. Great 
numbers of cylinders have been found. They are elaborately 
eograyen on various stones ; somo are perfect cylinders, some 
bwrel-shaped, others slightly curved inward. Others again 
are af baked clay, on which the characters have been in- 
cui9ed while the clay was yet moist. Many of them are 
perforated longitudinally, and revolve on a metal axis. In 
describing an engraved cylinder of great beauty found in 
the mounds opposite Mosul, Mr. Layard says, that on each 
side there were sixty lines written in such minute characters, 
that the aid of a magnifying glass was required to ascertain 
their forms. The habitual use of these elaborate articles is ^^ 
unknown, — ^by some they are supposed to be charms, — ^by 
others, records of family or personal transactions. The 
smaller examples were used to impress plastic materials as 
signets; but it is clear, from the shapes of the greater num- 
ber, and from the circumstance that the characters they bear 
are invariably engraven or impressed in the order in which 
they are to be read, and not reversed, that they were not in- 
tended to multiply impressions on soft surfaces by way of 
diffusing information. 

That a similar art was known to the inhabitants of the old 
world generally, may safely be assumed. It is therefore not 
a little remarkable that peoples so original and ingenious as 
the Greeks, and so imitative as the Romans, should have left 
almost no vestige of their having practiced any such means 
as this to multiply their beautiful creations of fancy, or to 
embellish the tasteful appliances of domestic life ; especially 
when we consider the easy application of the art to pottery, 
and the beauty, taste, and ingenuity which they exhibited in 
that manufacture. For, excepting a few paltry designs en 
ereux on some of the coarser specimens, and a few marks 
upon the Roman military vessels, evidently stamped, there is 
no appearance of either people having had any idea of this 
kind. They had, however, numerous instruments presenting 
a singular instance how very nearly we may approach to an 
important discovery, and yet pass on unheeding. These are 
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stamps of various sizes, haying on their faces inscriptions in 
•raised characters reversed. The material is brass or brome. 
The letters of the inscriptions are considerably raised, and 
the face of them is rough and rounded, as though they were 
rudely cast in a mould. To the back of most a hanole has 
been fastened ; some have a loop to allow the fingers to paai 
through ; some a boss to rest in the palm of the hand ; some 
a ring. One use of these stamps has probably been to pren 
the inscription into a soft material; but the more common 
application, especially of the smaller specimens, has evidently 
been to i^nn^ the inscription on surfaces by the aid of color. 
It has been suggested that their purpose was to imprint the 
coverings of bales of goods with the marks of their owners. 
Among relics of this kind is the signet of G. Csecilius Her- 
mias.* The face of this is two inches by four-fifths of an 
inch, and the inscription (reversed) 



CICAECILI 
HERMIAE. SN. 



with a border, is in relief, the surrounding parts being cut 
away to a considerable depth. It should be especially 
noticed, that the surface of the background is very rough ; 
and there is a ring at the back by which it could be handled 
or suspended. These circumstances render the use of it 
very clear. It would be very much easier to incise the re- 
quired inscription, and to let the field stand (indeed the art 
of engraving en creux was well known and used), than to cut 
away the field and leave the letters in relief; and it would 
produce a much more beautiful efiect if it were used to im- 
press any soft substance ; whereas, cut as it is, the impres- 
sion sunk into wax or clay would not only be ugly, but 
illegible, and the rough smrface of the background would 
present the most ungainly appearance upon the prominent 
parts of the wax, being the parts most presented to the 
eye. Its use therefore is evident. The relieved inscrip- 



* In the British Museum. 
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tion, and no otber part, being covered mth ink or pigment, 
was impressed upon an even surface (papjros, linen, parch- 
ment), and consequently left a perfect but reversed im- 
print of itself. This is the precise effect of printing with 
tvpes. From the Greek agnomen^ Csecilius probably lived 
under the emperors, when literature had become one of the 
pursuits of the great, and when the diflSiculties and expense 
of procuring books by the slow process of copying were 
bitterly felt. It is singular, therefore, that the Romans 
should have overlooked so obvious an improvement upon their 
own signets as the engraving whole sentences and composi- 
tions upon blocks, and thence transferring them to papers- 
even if they had gone no farther than this.* 

From this time a vast period elapses before any circum- 
stance can safely be instanced as showing that the practice 
of transferring characters was known to any, even compara- 

* The Chinese printing is not unlike this, and must by no means be sup- 
posed to have much similarity to the modern art They assort that it was 
used by them several centuries before it was known in Europe ; in fact, 
fifty years before the Christian era. They certainly may have used their 
method centuries before our art, for it differs in nothing but extent from 
that of the old Roman. The following is a description of their method at 
the present day, and it is probably tne same in every respect as that in 
practice two thousand years ago in an empke where nothing is changed. 
As their written language consists of from eighty to one hundred thou- 
sand characters, it would be utterly impracticable to use movable types, 
and the use of block-printing would be the meet easy and rapid. The sen- 
tences, therefore, desired to be multiplied, being drawn upon their tMn 
paper, this is made to adhere with the face downward to a block of soft 
wood, so that the characters appear, though rwertecL The plain wood ii 
then cut away with most wonderAil rapidity, and the drawing left in relief. 
Both sides of the block are similarly operated upon. The engraved wood 
is then properly arranged upon a frame, and the artist, with a large brush, 
covers the whole sur^use, the field as well as the relief, with a very thin 
ink ; he then lays very lightly over it a sheet of paper, and passes a large 
Hoft brush over it, so slightly, yet so surely, that the paper is pressed upon 
the raised figures, and upon no other port. The rapidity with which this 
is performed is extraordinary ; for Du Halde asserts that one man can 
print 10,000 sheets in one day, a number which would appear incredible, 
did not very good testimony exist at the present time that one man can 
print 700 sheets per hour. The method of putting the thin sheets together 
when printed is as different from ours as their printing and mode of read- 
ing. The sheets arc printed on one side only ; but instead of the blanlcs 
being pasted together to form one leaf, the sheet is so folded that no single 
edge of paper is presented to the reader, but only the double folded edge, 
the loose edges being all at the back of the book. The late emperor had 
punches or matrices cut, from which copper types were cast ; but the num- 
ber of characters required — about 60,000— id so great, that composition is 
almost impracticable. 
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tively civilized people. From the rough and imperfect at- 
tempts above indicated an earl; and obvious advance was 
engraving pictures upon wooden blocks. The first practice 
of this is involved in obscurity; but most writers on the fine 
arts agree that the art was invented toward the end of the 
thirteenth century, by a brother and sister of the illustrious 
family of Gunio, loras of Imola, in Italy. By some the 
whole narrative is considered as apocryphal, but it is never- 
theless generally admitted. The engravmgs were discovered 
by a Frenchman of the name of Papillon, in the possession 
of a Swiss gentleman, M. de Groeder, who deciphered for 
him the manuscript annotations found on the leaves of th9 
book in which they were bound. These purported that the 
book had been given to Jan. Jacq. Turine, a native of Berne, 
by the Count of Gunio, with whose family he, Turine, appears 
to have been intimately acquainted. Then follows a roman- 
tic history of the twins, and the cause of their invention. 
The book is entitled: ^' The Heroic Actions, represented in 
figures, of the great and magnanimous Macedonian king, the 
bold and valiant Alexander; dedicated, presented, and hum- 
bly offered to the most Holy Father Pope Honorius IV., 
the glory and support of the Ghurch, and to our illustrious 
and generous father and mother, by us Alessandro Alberico 
Gunio, cavaliere, and Isabella Gunio, twin brother and sis^ 
ter ; first reduced, imagined, and attempted to be executed 
in relief, with a small knife, on blocks of wood, made even 
and polished by this learned and dear sister ; continued and 
finished by us together, at Ravenna, from the eight pic- 
tures of our invention, painted six times larger than here 
represented ; engraved, explained by verses, and thus mark- 
ed upon the paper, to perpetuate the number of them, and 
to enable us to present them to our relations and friends, in 
testimony of gratitude, friendship, and affection. All this 
was done and finished by us when only sixteen years of age." 
This title is here given in full length, because, if genuine, it 
presents us at once with the origin, execution, and design of 
these first attempts at block-printing. The book consists of 
nine engravings, including the title ; the figures are toler- 
ably well designed, and the draperies graceful, with here and 
there attempts at cross-hatching ; under the principal person- 
ages are their names ; above, are inscriptions indicating the 
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sabject, and below, four lines of poetical Latm explanatoiy 
of it ; and in some parts of each print is an inscription indi- 
cating the share the twins respectively had in the execntion. 
The color of the pigment is gray. 

The first subject is Alexander on Bucephalus. Upon a 
stone, Isabd. Cuniopinz. et scalp. 

The second subject, the passage of the Granicus. Alex. 
Alb. Cunio JEqu. pinx. Isabel. Cfunio scalp. 

The third subject, Alexander cutting the Gordian Knot. 
Alex. Albe. Cfunio JEqu. pinx. et scalp. 

The fourth subject, Alexander in the tent of Darius. 
Isabel. Cunio pinx. et scalp. 

The fifth, Alexander giving Gampaspe to Apelles. Alex. 
Alb. Cunio Uques.pinx. et scalp. 

The sixth, the !Battle of Arbela. Alex. Alb. Equ. et 
Isabel. Cunio pictor. et scalp. 

The seventh, Porus brought to Alexander. Isabel. Cunio 
pinx. et scalp. 

The eighth, the Triumph of Alexander upon his Entry 
into Babylon. Alex. Alb. JEqu. et Isabel. Cunio pictor. et 
sccdp.* 

From the dedication of this book to Pope Honorius lY., 
it is deduced that these engravings must have been executed 
between 1284 and 1285, inasmuch as this pope only enjoyed 
the pontificate two years ; and it is suggested that a copy of 
it might be found in the library of the Vatican. The narra- 
tive appears to be confirmed by many incidental circum- 
stances, which could not be the invention either of Papillon 
or his informer. The name of Alberico seems to have 
been a favorite with the family of Cunio, and a Count of 
that name actually figures in history in the very years of the 
presumed invention ; a relative of the twins, of course, not 
the male artist himself. 

The interval between the time of the twin Cunio and the 
next mention of any similar usage is very perplexing ; but 
upon examination it will appear that that long period was 
not altogether a blank in the art. The next earliest evidence 

• It 18 not unlikely that the twins may have been directed in the choice 
of their Rubject'by the identity of the name of the great conqueror with 
that of the brother ; at least such coincidences are not without parallel in 
the history of literature. 
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is a docament of the goTemment of Venice, dbcovered 
amongst the archives of the Company of Printers in that 
city. It bears the date of 1441 , and as it throws some de- 
gree of light upon the controversy relative to the invention 
of printing, it is here ^ven from Ottley's History of En- 
graving. 

^^MGGCZLi. October the 11th. Whereas the art and 
mystery of makine cards and printed figores, which is used 
at Venice, has fiB^en into total decay ; and this in conse- 
quence of the great quantity of playing-cards, and colored 
figures printed, which are made out of Venice ; to which evil 
it is necessary to apply some remedy ; in order that the said 
artists, who are a great many in family, may find encourage- 
ment rather than foreigners. Let it be ordered and estab- 
lished, according to that which the sud masters have suppli- 
cated, that from this time in future, no work of the said art 
that is printed or painted on cloth or on paper, tiiat is to say, 
altar-pieces (or images), and playing-cards, and whatever 
other work of the said art is done with a brush or printed, 
shall be allowed to be brought or imported into this city, un- 
der the pain of forfeiting the works so imported, and xxx 
livres and zii soldi, of which fine one-third shall go to the 
state, one-third to the Signori Giustizieri Vecchi, to whom 
the affair is committed, and one-third to the accuser. With 
this condition, however, that the artists who make the said 
works in this city may not expose the s^d works to sale in any 
other place but their own shops, under the pwi aforesaid, 
except on the day of Wednesday at St. Paolo, and on Satur- 
day at St. Marco, under the pain aforesaid.'' 

From this it seems manifest that the art of printing from 
wood-blocks was not lost, but, on the contrary, had been so 
long practiced as to become an extensive and profitable busi- 
ness in Venice, and had spread over the Continent to such a 
degree as to destroy the trade of the Venetian artists. The 
establishment of an important manufacture, and its decay, 
necessarily infer a long period. From the constant conjunc- 
tion of the two arts of psdnting and printing in this docu- 
ment, we may infer (what the existence of prints and cards 
of later date prove) the method in which these figures and 
cards were manufactured, namely, that tiie outline was first 
printed, and that the colors and shading were filled m by the 
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punter and illuminator. The lurtorj of plajing^ards now 
becomes of some importance to the narrative. vVlien cards 
first came into use is uncertain ; but mention is made of them 
in the year 1254, when they were interdicted by St. Louis 
on his return from the Crusade : they were also forbidden by 
the Council of Cologne in 1281. In 1299 they are express- 
ly mentioned under the name carte; and in Dob Gulden 
Spiegel, printed by Gunther Zainer in the year 1472, it is 
said that cards first came into Germany in 1800. An old 
French poet, who wrote " En Fan mil iij cent xxviij," has the 
line, " Jouent aux dex, aux cartes, aux tables." There is no 
eridence earlier than the Venetian decree to connect the art 
of printing from wood-blocks with the art of making cards ; 
but as it is evident from that document that such connection 
did exist, it is a fair presumption that it originated not very 
long after the introduction of the game ; and as the sum paid 
by Charles YI. for ^^ troix jeux de cartes " was so small as 
fihy-^ Parisian sols, it has been conjectured that they must 
have been illuminated prints. The Venetian decree against 
the importation of painted and printed figures from abroad 
now brings us to the country from which the chief export was 
made. It appears, therefore, that in the Low Countries the 
manufacture was carried on to a great extent ; and we shall 
also find that in Holland and Germany, and probably o^er 
most of Europe, religion had called this art to her aid ; that 
whilst the noble and wealthy recreated the mind and delighted 
the eye with the exquisite productions of the scribe and illu- 
minator, the more humble were equally gratified with rude 
and simple illustrations of interesting portions of Scripture, 
or pictures of favorite saints. It is probable that the poorer 
classes hung up these drawings in their dwellings, where they 
excited as true and heart-felt devotion as the masterpieces of 
the painter's art in the oratories of the great. There is no 
evidence how early the art was practiced, nor whether the 
outlining the figures of saints and sacred subjects preceded 
the printing of cards, or was suggested by the latter ; but it 
13 certain that at the end of the fourteenth and the commence- 
ment of the fifteenth century the practice was very common. 
The impressions were taken by means of a burnisher, the 
gloss caused by the friction being distinctly visible on the 
backs both of cards and prints preserved to this time. As 
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&cility in practice increased, a distich or quotation illustra- 
tive of the print became a natural improvement ; and to this 
was frequently added a coat of arms, the name of the saint, 
or the title of the subject, all in the field, or over the head of 
the figure ; and, lastly, sometimes a date. The earliest print 
of which the date is given within the print itself,* is a wood- 
cut of St. Christopher carrying the infant Jesus across the 
sea. It is of folio size, and colored in the manner of our 
playing-cards. At the bottom is the inscription — 



€ 



vtBtofoxt facum ^U quacuniiue turrii JttLliitfimo tttt9 

jUa ncmpc ^ic mortr mala non morurii. xx^ terii0. 



It was found in the Monastery of Buxheim, near Meiningen, 
and is now in the possession of Earl Spencer. 

The next advance was obvious. Instead of a single block, 
a series of blocks were employed, with additional literanr 
illustrations ; and thus were the first printed books formed. 
The earliest and most memorable of these are the Historia 
Sancti Johannis EvangeliBtce^ the Arz Memorandi^ the 
Ars Moriendij the Biblia Pauperum^ the Historia Vtrginis 
Marice, and the Speculum Humanoe Salvationist The most 
important of these works is the Historim Veteris et Nim 
Testamenii seu Biblia Pauperum — truly the Poor Man's 
Bible. It consists of forty leaves printed upon one side of 
the paper only, by friction, from as many blocks ; the color 
is brown ; the prints are placed opposite to each other, and 
the blank backs are pasted together into one strong leaf. The 
cuts are about 10 inches in height, and 7| in width. Each 
print contains three sacred subjects in compartments, and four 
half-length figures of prophets in smaller divisions, two above 

* There is f>aid to be a print at Lyons with the date 1384, but its existence 
U doubtful. There has lately been discovered a print with the date of 
1418, but its authenticity is yet under discussion. It was found by an in- 
habitant of Malines, who, in breaking up an old cofier which had been used 
to contain the archives of the former Grand Oomeil of Malines, observed an 
ancient-looking print pasted inside the lid. The subject is the Virgin and 
Child, with Saints Catherine, Dorothy, Barbara, and Margaret, within a 
palisaded inclosure. On the top-bar of the gate is the date m : crcr ^roiti. 
distinct and unmistakable. The design and execution are very superior to 
those of the St. Christopher and the block-books. The London Athenasum 
of 1844 contains a full description of the print, and the volume of 1845 a 

/ac^miU, The earliest dated print taken from an engraved metal plate is 

£fr ^^so Finiguerra, 1460. 
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ftnd two beneath the principal sahjects. Latin inscriptions 
are on either side of the upper figures, rhythmical verses on 
riUier side of the lower, and additional inscriptions are on 
labels at the bottom of the whole. The central subjects are 
fiom the New Testament, the others from the Old, and in some 
manner allusive to the former. There are many copies of 
ibis work, evidently from different blocks, and of different 
dates. Indeed it appears to have been a most popular book, 
and was printed repeatedly long after the introduction of le- 
gitimate printing ; there are several editions in which the in- 
scriptions are actually printed with movable types. The 
exact date of these curious works is not ascertained ; but Dr. 
Home possessed a copy contained in one volume with the Ar$ 
Hbriendi and the ApocalypaCj all works of the same style, 
the binding of which bore the date of 142-. The original 
composition and design of this work is attributed, and not 
without some show of reason, to Ansgarius, who was Bishop 
of Hamburg and Bremen in the ninth century. 

A similar book is the Canticles, a small folio volume of 
thirty-two subjects, two being painted on each leaf, and on 
only one side of the paper, and the leaves also pasted back 
to back. It differs from the Biblia Pauperum in that the in- 
scriptions are engraven on scrolls fantastically dispersed 
amongst the figures. This is generally allowed to be of 
somewhat later date than the preceding, and to hold an in- 
termediate space between it and the Speculum Mumance 
SahationiSj to which a larger space must be devoted, on ac- 
count of its importance in the controversy relative to the in- 
vention of printing. 

This is not, strictly speaking, a block-book ; for whilst the 
form of the design and the portion of Scripture represented 
are engraven on wood, the inscription is in some cases en- 
graven on wood also, but in others is printed in movable type. 
The Latin edition, perhaps the first, consists of sixty-three 
leaves, divided into five unequal gatherings. The subjects 
are chiefly from the Old and New Testament; but some- 
times such stories have been selected from ancient history as 
might seem in some way appropriate to the events recorded 
in sacred writ. Each subject has a sliort Latin inscription 
underneath it, and the text occupies the remainder of the 
page. Its size is folio; the impressions are taken V\^ ^ 
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burnisher, on one Aie of the paper ; the color of the i 
18 brown, and the backs are pasted together, as in the books 
proTiousIy described. The work is certunlj of nearly the 
same date, though probably a little later, than the BibUa jPaiir 
perum; and it may even have been in part executed by ih» 
same artist, for in the earlier portions there is so much general 
resemblance, both in dengn and execution, as to make it 

i>robable that the same grayer was employed in both. The 
atter part, however, is Sie work of another artist ; the lines 
are not so bold, and there is an attempt at fineness of execu- 
tion, of shading, and of distance, which the earlier master 
did not attempt ; the design, though in better drawing, is 
not so spiritea ; the drapery is more correct, though not so 
graceful ; and in fact the engraver was a better workman, 
but not so great an artist. It must be understood, that there 
are numerous editions of this work, many differing in essen- 
tial particulars, but some so nearly sinular as to require a 
microscopic eye to detect the variations. Of four of these, 
two are in Latin, two in Dutch ; and between these four lies 
tiie contest for antiquity. Mr. Ottlev (whose beautiful 
BUtory of Engraving contains a well-drawn-up account of 
his inquiry, illustrated by most convincing examples) has, 
from a minute and laborious examination, decided that the 
two Latin and two Dutch are printed from the self-same 
blocks, and by comparing them, and finding evidences of 
fractures in the one which do not exbt in the other, he has 
very satisfactorily awarded the palm of antiquity. First, 
although the Latin inscriptions in the earlier part of the 
fir9t Latin edition (so called by commentators) are engraven 
on blocks of wood, these blocks are not of the same piece 
as the figures, the work having been divided between two 
artists, the one more skilled in engraving figures, and the 
other in engraving letters. Secondb/, parts of the engrav- 
ing broken in the first Dutch are perfect in the first I^tin ; 
parts imperfect in the first Latin are unbroken in the second 
I)utch, whilst the second Latin is the most perfect of all ; 
from which the conclusion is drawn that the second Latin 
is the most ancient, then the second Dutch, next the first 
Latin, and lastly the first Dutch. This order of succession 
i s of considerable importance, because the first Latin is 
printed with movable — some commentators say fusil— 
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kypes. The printing of this work is clidmed for Laurence 
KoBter. 

But by whomsoever these curious works were printed, they 
bring us to the very threshold of the invention of printing, 
in the proper sense of the word. Bibliographers a^e that 
the pictonal parts of the BibUa Pawperum, the UanticleSy 
and tiie Speculum were engraven by the same engraver, but 
from the aesigns of different artists ; and that while of the 
firBt Latin edition (placed tJdrd by Ottley) the plates num- 
bering 1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 16, 17, 21, 22, 
26, 27, 46, are printed entirely from wooden blocks, the five 
leaves of which the preface consists, and the text of the re- 
muning leaves — (there are 63 in all) — are printed from mova- 
ble type. Therefore, between the printing of the first edition 
of these three works, and the third of the Speculum^ the art 
of printing with movable type had become known to the 
printer. 

We have now come fairly to the practice of printing in the 
real sense of the word ; and we have also arrived at the long- 
pendins, long-controverted question, of who invented it, and 
where f The honor is disputed by as many cities as con- 
tended for the birth of Homer. Only three of these can 
show the slightest argument for their pretensions : Harlem, 
Strasburg, and Mentz. Harlem claims it for her citizen 
Laurence Koster, or Laurent Janszoon Koster (or Gustos). 
The claim rests principally upon the narrative in the Bo- 
tama of Hadrianus Junius, a native of West Friesland, who 
dwelt at Harlem. The work was written in 1575, but not 
published until 1588. The following is a close translation of 
the narrative : 

" There lived, a hundred and twenty-eight years ago, at 
Harlem, in houses sufficiently splendid (as a workshop, which 
remains to this day entire, can serve as proof), overlooking 
the forum from the neighborhood of the royal palace, Lau- 
rentius Joannes, by surname JEdituuHj or Gustos* (which at 

• In the original^ Koster is simply said to have been surnamed JEdituw, ' 
seu Cuttos, but no mention is made of the Cathedral. The statement, there- 
fore, that he was curtos of the cathedral is a gratuitous insertion of after 
narrators. The word Gustos has been Dutchificd into Coster or Koster ; 
bat there is no apparent reason why we may not suppose that Ciaios was a 
barbarous Latin word for keeper, or constable, or any other ti^\v&\aM\ox\. 
the word will bear. 

2 
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that time lucrative and honorable office an illiistrioiis fiunily 
of that name held by hereditary right) , the person who now 
seeks back by just avoachments and oaths the lapsins ^ory 
of the invention of printing, nefariously possessea and aeiaed 
upon by others [the man], with the greatest right to be pre- 
sented with the greater laurel of all honors. He by chance, 
walking in a suburban grove (as was the fasUon of citiaens 
in easy means to do after dinner in those days\ began first 
to fasiiion beech-bark into letters, which bemg impressed 
upon paper, reversed in the manner of a seal, produced one 
verse, then another, as his fancy pleased, to be for copies to 
the children of his son-in-law ; which when he had happily 
accomplished, he began (for he was of great and acute ge- 
nius) to agitate hi^er thinss in his mind, and first of all de- 
vised with his son-m-law, Thomas Peter, who left four chil- 
dren, all of whom obtained the consular digmty (a thing 
which I mention that all may understand the art arose in an 
honorable and talented, not a servile family), a more glutinous 
and tenacious species of writing ink, which he had commonly 
used to draw letters ; thence he expressed entire figured pic- 
tures with characters added ; in which sort I have myself 
seen Adveraaria printed by him, the traces of the works 
being only on opposite pages, not printed on both sides. That 
book was in the vernacular tongue by an anonymous author, 
bearing for titie Speculum Nostrce Saluti$; in which it is to 
be observed among the first beginnings of the art (for never 
any is found and perfected at once), that the reverse pages 
being smeared with glue, were stuck together, lest they, 
being blank, should present a deformity. Afterward he 
changed beech-blocks for lead ; afterward he made them of 
tin, because it was a material more solid and less flexible, 
and more durable : from the relics which remained of which 
tvpes very ancient wine-flasks being made, they are to this 
day to be seen in those houses of Laurentius which I have 
mentioned looking upon the forum, inhabited afterward by 
his grandson Gerard Thomas, whom I name for honor's sake, 
a noble citizen, who departed this life a few years ago. The 
studies of men favoring, as it happened, the new art, dnce a 
new merchandise never before seen, brought buyers firom 
every ^de, with most ea^r quest, at once the love of the 
art increased, the establidmient increased, workmen in the 
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art being added to the familj, the first tonch of evil ; among 
whom was a certain Joannes, either (as the suspicion is) that 
Fftostos of ominous name, faithless and unlucky to his master, 
or some other of the same name, I do not greatly care which, 
because I am unwilling to disquiet the shades of the silenced, 
touched with the plague of conscience while they lived. 
He being sworn by oath to the processes of printing, after 
he had (as he thought) learned thoroughly tne art of put- 
ting the characters together, the knowledge of fusil types, 
and whatever else may relate to the matter, taking an op- 
portunity, than which he could not have found one more fit, 
on the very eve which is sacred to the birth of Christ, on 
which all in common are accustomed to labor at the sacred 
ceremonies, stole the whole materials,* tied up a package of 
the instruments of his master used in that art ; thence with 
a servant hurried from the house, went in the beginning to 
Amsterdam, thence to Cologne, until he arrived at Mayence, 
as to the altar of an asylum, where he might live safe beyond 
the reach of arrows (as the saying is), and having opened an 
office, enjoyed the rich fruit of his robberies. Indeed, from 
it, in the space of the (or a turning) year, in the year 1442 
from the birth of Christ, with the same types which Lauren- 
tius had used at Harlem, it is certain that he produced to 
light the DoctrinaJe of Alexander Gallus, which grammar 
was then in most famous use, with the Th'actates of Peter 
Hispanus, his first productions. These are, for the most part, 
things which I have formerly heard from aged men worthy of 
belief, who have received them as things delivered from hand 
to hand, as a torch in a race, and have foimd others relating 
and attesting the same things. I remember that Nicholaus 
Galius, the instructor of my youth, a man with iron memory, 
and venerable for Ms long years, related to me, that when 
a boy he had heard, not once only, a certain Cornelius, 
a bookbinder, and rendered serious by age, nor less than 
eighty years old (who had lived as an underworkman in that 
oflBce), relating with much mental anger, and with fervor, 
the course of the proceeding, the manner of the invention, 
(as he bad received it from his master), the improvement 

• Or whatever else choragium may mean ; literally it signifies Miq proper- 
ties of a theater. 
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and increase of the art, and other things of the kind ; and 
that the tears would burst finom him agunst his will at the 
shame of the affair, as often as he talked of the robbery. 
Which things do not differ from the words of Quirinos Tale- 
sins Con., who confessed to me that he had formerly the 
same from the mouth of the same bookbinder." 

Beyond this narrative of Hadrian Junius there is litUe, or 
rather no testimony to the truth of Koster's claim, all sulm- 
quent argument being either drawn from or referred to this 
statement. Many very learned bibliographers have ^ven 
full credence to Hadrian ; while others not less acute abso- 
lutely deny Koster any pretense whatever— Santander call- 
ing in question his very existence ; and there is a third party 
who, being unable to decide between the opposing argumentSi 
and willing to take refuge in a middle course, allow to Koster 
the credit of having invented printing from blocks, but assign 
to his rivals that of printing from movable types. 

The whole argument may, however, be reduced into a rea- 
sonable compass. The probability of Hadrian's narrative 
will naturally be the subject of inquiry. Firsty the round- 
about way in which this hearsay evidence reached Hadrian, 
is in itself an unsatisfactory circumstance. Little belief can 
be accorded to an uncertain bookbinder, even had any cir- 
cumstances been adduced besides the name Cornelius, by 
which this bookbinder could be identified. Secondly^ Ta- 
lesius was many years secretary to Erasmus, who, aldiough 
a Dutchman and resident in Holland, repeatedly and unhesi- 
tatingly ascribes the invention to John Gutenberg of Stras- 
burg at Mentz.* It is not at all probable that, had Erasmus 
ever heard of this story, or given the slightest credence to 
it if he had, he would have omitted some mention of a cir- 
cumstance so gratifying to his national vanity ; or that he 
should have remained in ignorance of a story well known to 
his secretary, and commonly bruited about, and therefore 
known to some of the learned men amongst whom Erasmus 
lived. Thirdly^ the story of the engraving on beech-bark 

* Anno Ghristi 1440. Magnum quoddam ac pene diTinum bcneflciam 
coUatum est universo terrarum orbi, a Jobanne Gutenberg ArgentinenBi, 
novo scribendi gcnere reperto. Is cum primus artcm impreseoriam, qucm 
Latini vocant exeuforuim, in urbe Argentinensi invenit ; inde Moguntiam 
renlezw candem felicitcr complevit {Ejnt, Rerum Script, 1502, cap. 95.) 
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accidentally, when it is quite certain that the art of taking 
impressions from wood-blocks of the figures of cards and (^ 
saints and sacred subjects, with religious and legendary in- 
scriptions, had been known and extensively practiced, not 
only in Italy and Germany, but in Holland itself, for more 
than a century, is absurd. Fourthly^ every author who has 
written upon the matter has given up all claim on Roster's 
behalf for the invention of cast type, the evidence in favor 
of others being too strong to be got over. Fifthly ^ the tale 
of the conversion of the relics of these types into drinking- 
cups, which were yet to be seen (1575), is discredited by 
the circumstance that no one has since seen or heard of them, 
although a controversy for the honor of a discovery in which 
they would have been evidence, was even then and has ever 
since raged furiously. Sixthly^ the story of John Fust hav- 
ing stolen all his printing materials on the eve of Christmas, 
and decamped, first to Amsterdam, then to Cologne, and lastly 
to Mentz, and his publishing there within the same year, is 
self-contradictory ; for type is not a very portable commod- 
ity ; nor would he easily have escaped pursuit at Amster- 
dam, a town under the same government. Again, John 
Fust was originally no printer, but a wealthy goldsmith of 
Mentz, and certainly never worked as any printer's journey- 
man. Indeed this is such a palpable misstatement, that 
commentators upon Hadrian have boldly supposed that the 
thief was John Gutenberg — not he of Mentz, but a brother, 
also named John. Unfortunately Gutenberg's brother was 
not named John, but Friele ; there was a cousin John ; but 
the only evidence by which we become aware of the existence 
of these persons excludes the supposition that either prac- 
ticed the art ; nor is it at all likely that members of a noble 
family, and wealthy men, should have worked in the service 
of any man. If it should be asserted that it was the John 
Gutenberg, his time is so well accounted for that it is impos- 
sible, since he was then resident at Strasburg, and never was 
at Amsterdam or Cologne. Thus, then, the narrative of 
Hadrian Junius appears upon examination to be utterly in- 
credible, being at once at variance with itself and with all 
probability. 

Arguments for or against the claim of Harlem may be 
ur^ed not derived From this narrative. AUhougVv l\i^^^ cax- 
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cumstances are not to be believed, the main facts may noTer- 
theless be correct. Koster may have printed the Speculum 
and other block-books attributed to him. Ottlej sajs that 
they were certidnlj printed in Holland, for that the types are 
not those used m Germany, but closely resembled such as 
irere afterward cut or cast m Holland; and that they are of 
greater antiquity than any books printed by those who after^ 
ward used the art in the Low Countries. He also attempts 
to show, by the water-marks in the paper, that the works in 
question were produced in these parts. Water-marks, how- 
ever, and some bearing a general resemblance to these, were 
common in the papers used by printers of Cologne, Louvain, 
and elsewhere ; and the argument is worth littie or nothing, 
for no evidence can be given even of the dates of these worn, 
and much less of the printer. The Speculum was printed 
again and again after the invention of letter-press pnnting ; 
nor is there the slightest evidence, supposing these assertions 
to be correct, to connect them with the name of Koster. It 
is a conclusive argument against him, that those other works 
ascribed to him and his descendants are executed with the 
self-same types used at Utrecht in 1473 by Ketelaer and 
De Leempt. Van Mander, who lived at Harlem in 1580, in 
his History of the Lives of Dutch Painters and Engravers, 
treats the claim of Harlem with contempt ; for, speaking of 
printing, he describes it as an art *^ of which Harlem, with 
much presumption, arrogates to herself the honor of the in- 
vention ; " nor does he make the slightest mention of his fa- 
mous fellow-citizen. There is not the least evidence that his 
three grandsons (not/owr, as Hadrian says) ever carried on 
his business ; for where are their works ? and in their time 
printers bad become so proud of their art as not only to put 
their names to every work, but even to add a long history of 
their undertaking and progress. Where are the books 
ascribed to them r what mention is made of them by their 
cotemporaries? In a subsequent part of this article it will 
be seen that Caxton, the first English printer, is asserted to 
have been sent to Harlem to learn the art, and if possible to 
carry oflF one of the workmen. These things being also matter 
of controversy, cannot be used in argument ; nevertheless it is 
of some value that Gaxton, fvho, supposing it to be true, 
frould be an excellent witness in favor of H^xfem^ wyon all 
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occasions refers the invention to Gutenberg, and makes no 
mention whatever of Harlem or Koster. 

Santander labors to disprove the very existence of any 
snch person. But there is no necessity to go so far as San- 
tander: we may allow Koster's identity; we may even 
allow that he practiced the art of taking impressions from 
wood-blocks ; out this is very different from acknowledging 
lus cUum to the invention of the art of printing. The most 
strenuous champion of Koster is Meerman, an eminent 
French bibliographer of the last century, who, in his Origi- 
nes Tynogrc^pfdccBj published at the Hague in 1765, strongly 
maintains tms narrative of Hadrian ; which is not a little 
singular, seeing that the Newcastle Typographical Society 
published a letter from him to Wagenaar, of eight years* prior 
date, in which he expresses a precisely contrary opinion. He 
calls Seitz's (Hadrian's) story a mere supposition, and the 
chronology a romantic invention ; gives to the Speculum the 
date of 1470 as the earliest possible ; attributes the honor to 
Gutenberg, and incidentally mentions his intention of publish- 
ing a pamphlet on the subject. Notwithstanding this, in his 
work, without any new fact whatever, he accredits Hadrian's 
story, finds consistency in the dates, believes the Speculum^ 
and denies John Gutenberg — completely reversing his pre- 
vious conclusion, though his premises remain the same. 

The statement of Ulric Zell, given in the Cologne Chron- 
icle^ though always referred to by bibliographers, has not 
received the attention it seems to deserve. Ulric Zell is 
supposed to have been one of the workmen employed in the 
office of Fust and Schoeffer at Mentz, when that city was 
taken by the Count of Nassau in 1462. On this event Zell 
betook himself to Cologne, where he established a press, from 
which in 1467 he issued his first work. He continued to carry 
on the art in this city for many years. The Cologne Chroni- 
cle was printed by Koelhoff in 1499. Under the head of " In- 
vention of Printing," it contains an account of its discovery, 
communicated by Ulric Zell, which, considering the place 
where it was published, the nearness of the time, and the 
intimate connection of the narrator with the first movements 
of the art, carries great weight. 

**//:em, this most worthy art aforesaid [was] first of all 
invented in Germany, at Mavence on the Rhine ; and that is 
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a great honor to the German nation, that Buch jngenioas 
people are to be found there ; and that happened in the year 
of our Lord 1440. 

^' Itenij although the art was invented at Mayence as afore- 
said, in the manner it is now commonly used, yet the first idea 
originated in Holland from the Donatuses, which were printed 
there even before that time ; and from out of them has been 
taken the beginning of the aforesaid art, and has been in- 
vented much more masterly and cunningly than it was ac- 
cording to that same method, and is become more and more 
ingenious." 

Now we know that the Donatuses were block-books of a 
rude form, in no way resembling the art used by Zell and his 
cotemporaries ; and such as they are, there is no evidence 
that Koster printed any one of them. 

All evidence, then, and the general consent of the learned, 
in failure of Eoster, unhesitatingly ascribe this invention to 

John Gutenberg, sumamed Genzfleisch, Gensflcisch, or 
Gensefleisch, von Solgenloch or Sorgenloch. He was a na- 
tive of Mentz, and of a noble family, possessed of con- 
siderable property in various places in the neighborhood. 
Fortunately the life of Gutenberg does not rest merely upon 
hearsay evidence, or the doubtful guesses of bibliographers 
from dateless wood-cuts ; legal documents supply most import- 
ant information. It appears that, for some reasons unknown, 
he resided for many years at Strasburg, and had even ac- 
quired rights of citizenship. The first document presents 
him in no amiable light. It is a lawsuit instituted to compel 
him to perform his marriage-contract with Anne von Isemen 
Thiir ; and it would appear that he was compelled to make 
good his promise, the name of Anne Gutenberg being found 
in the same register of the nobility liable to the wine-duty in 
the city of Strasburg, in which Gutenberg's name also ap- 
pears. The next document is so curious that an ample ao- 
stract of it cannot but be interesting. 

It appears that he had contracted an engagement with 
Andrew Dritzehen, John Riffe, and Andrew Heilmann, to 
instruct them in the secrets of certain arts, and had entered 
into partnership with them for their better advantage. An- 
drew Dritzehen and Andrew Heilmann having called upon 
him one day, perceived that he was engaged in a wonderful 
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and unknown art, the secret of which he was desirous of 
keeping to himself; that, moved by their importunities, he 
consented to enter into partnership with them for the term of 
five years, on two conditions — ^first, that they should pay him 
the sum of 2o0 florins, 100 imme^tely, and the remainder 
at a certidn fixed period ; second, that if any one of the 
partners should die during the term of the copartnership, the 
survivors should pay to Us heirs the sum of 100 florins, in 
consideration of which the efiects should become the property 
of the surviving partners. Andrew Dritzehen died before 
the expiration of the period agreed on, being still indebted 
to Chitenberg in the sum of 85 florins. George and Nicho- 
las, brothers of the deceased, demanded to be admitted to 
the partnership, and on refusal, brought an action against 
Gutenbers as principal partner. The magistrates gave judg- 
ment on ue l2th of December, 1439, relieving Gutenberg 
from the demand of the sum of 15 florins, being the difierence 
of the sum of 100 florins, stipulated to be paid to the heirs 
of a deceasing partner, and the sum of 85 florins due to 
Gutenberg by Andrew on the ori^nal contract. The follow- 
ing evidence was produced on the trial : 

*' Anna, the wife of John Schultheiss (hohman^ marchand 
de baii), deposed, that on one occasion Nicholas Beildeck 
came to her house to Nicholas Dreizehen, her relation, and 
said to him, ^ My Nicholas Dreizehen, Andrew Dreizehen, of 
happy memory, has placed four atucke (pages ?) in a press, 
which Gutenberg has desired that you wiU take away and 
them from one another put off, that no man may know what 
it may be, for he is not willing that any one should see.' 

^^ Also John Schultheiss says, that Laurence Beildeck 
sometime came to his house to Nicholas Dreizehen, when 
Andrew Dreizehen his brother was dead, and that the said 
Laurence Beildeck thus spoke to said Nicholas Dreizehen : 
* Andrew Dreizehen, your brother, now happy, had four 
itucke lying underneath in a press. Therefore John Guten- 
berg desires you that you will take them therefrom and 
upon the presses take from one another so that no man can 
see what that is.' 

" Also Conrad Sahspach deposed, that sometime Andrew 
Heilmann came to him upon the Street of Merchants and 
said, *Dear Conrad, as Andrew Dreizehen is de^^ited,^ 



26 FiVB Black Abts. 

you made the presses, and know abont the matter, do jroa go 
thither, and taxe the $tucke from the presses, and thorongbly 
separate them from one another, so wat no man maj uoir 
what it is/ i 

*' Laurence Beildeok says that he was sent by John Ghiten- 
berg to Nicholas Dreisehen, after the death of Andrew his 
brother, to say to him, ^ That he the presses which he under 
his care has to no man should show ; which also this witness 
did. And he further conversed with me, and said he should 
take so much trouble as to go to the presses, and with the two 
screws upon or from them so separate the stueke from one 
another, and these stueke he should then in the presses [or, 
on the presses] separate, so that thereafber no man can see 
nor understand.' 

** The same witness also sud that he knew well that Quten- 
berg, a little before the feast of the Nativity, had sent his 
servant to both Andrews to take away all $tueke, wUch were 
broken up in his sight, that none of them might be found per- 
fect. Moreover, after the death of Andrew, this witness was 
not ignorant that many were desirous of seeing the presses, 
and that Gutenberg had commanded that some one should be 
sent who might hinder any one from seeing the presses, and 
that his servant was sent to break them up. 

^' Also John Dunne, goldsmith, said, that three years or 
thereabouts previous he had received from Gutenberg about 
800 florins for materials relating to printing." * 

From this curious document may be learnt, that separate 
types were used ; for if they were blocks arranged so as to 
print four pages, how could they be so pulled to pieces that 
no one should know what they were, or how could the ab- 
straction of two screws cause them to fall to pieces ? It ap- 
pears that some sort of presses were used, and the transfers 
no longer taken by a burnisher or roller ; and, lastly, that 
the art was still a great secret at the time when Koster was 
at the point of death. Hence it is manifest that the inge- 
nuity of Gutenberg had made a vast advance from the rude 
methods of the time, and had in fact invented a new and 
hitherto unknown art. 

* The original Grerman text of thcBc documents Is given in M. Loon de 
Laborde^B interesting tracts on the origin of printing. 
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liedooimMhiiB wonld be deeU^e in favor d EftrtLsborft 
> place in whidi printing was inTented, had it appeared 
0^7 efleets were prodnoed by ihis establiAment This, 
per, does not seem to have been flie case, as Gutenberg 
is snecessors make no mention of flie fact, bat, on the 
117, claim for themselves flie prodaction of the fost 
at MentB. Indeed the partnerroip appears to have ex- 
withoat any attempt at entering into fresh engage- 
1; for, about the year 14501^ Onteoberg retomed to his 
ititj with an his materials, witfaoat any composition from 
tfrfaier. In this place he entered into partnership with 
SVist, a wealthy gddsmith and eitisen, who engaged, 
being tan^t the secrets of the art (a fact that com- 
y overfiirows the fable of his having oeen one of Eos- 
rafanen, and of his having stolen his types), and being 
ied into a partidpation of the profits, to advance the 
lary funds ; and he did accordingly advance the consid- 
i sum of 2020 florins. The new partnership immedi- 
eommenced operations, and hired a house called Zum 
Ml, and took into their employ Peter ,8ch(Bffer and 
u Their subsequent operations we agm find curiously 
Med in the records of anotiier lawsuit,* in which 
iberg was soon engaged with his new ally ; for Fust, 
isfied with their proceedings, sou^t to recover from 
iberg money advanced, with interest, including 800 
I of the sum advanced in virtue of the deed of partner- 
Gutenberg in defense alleged, that the 800 florins had 
len pud at once, as stipulated ; and that they had been 
tded in preparation for the work (apparently meaning 
yj that this sum of money should have been paid down 
I own use, in consideration of his communicating the 
» of his art, and that instead of so applying it to his 
'A purposes, he had expended it for the joint benefit) ; 
;, as to the other sums, he oficred to give an account of 
appropriation, but denied that ho was liable for the in- 
. The judges awarded that Gutenberg should pay the 
st, as well as the part which his accounts showed he 
pplied to his individual use. This decision took place 

ilfii Monumenia Typographioa, Foamier, Origine de VImprmerie. 
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on the 6th of November, 1455. Upon this, Fast obtained 
from the public notary the following document : 

''To the Glory of God, Amen. Be it known unto all 
those who shall see or hear read this instrument, that in the 
year of Our Lord 1455, third indiction, on Thursday the 
sixth day of November, the first year of the Pontificate of 
our very Holy Father the Pope Ctdixtus UI., appeared here 
at Mayence, in the great parlor of the Barefooted Friars, 
between eleven o'clock and midday, before me, the Notary, 
and the undersigned witnesses, the honorable and discrete 
person, James Fust, citizen of Mayence, who, in the name 
of his brother, John Fust, also present, has said and de- 
clared clearly, that on this same day, and at the present hour, 
and in the same parlor of the iBarefooted Friars, John 
Gutenberg should see and hear taken by John Fust an oath, 
conformable to the sentence pronounced between them. And 
this sentence read in the presence of the honorable Henry 
Ganter, Curd of St. Christopher of Mayence, of Henry 
Keffer, and De Bechtoff de Hanaw, servant and valet of the 
said Gutenberg ; John Fust, placing his hand upon the Holy 
Evangelists, has sworn between the hands of me, the Notary 
Public, conformable to the sentence pronounced, and to a 
letter which he has sent to me, and has taken the following 
oath, word for word : I, John Fust, have borrowed 1550 
florins which I have transmitted to John Gutenberg, which 
have been employed for our common labor, and of which I 
have paid the rent and annual interest, of which I still owe 
a part. Reckoning, therefore, for each hundred florins bor- 
rowed, as above is recited, six florins per annum, I demand 
of him the repayment and the interest, conformably to the 
sentence pronounced ; which I will prove in equity to be le- 
gal, in consequence of my claim upon the said John Guten- 
berg. In presence of the honorable Henry Gunter, of 
Henry Keffer, and of Bechtoff de Hanaw aforesaid, John 
Fust has demanded of me an authentic instrument, to serve 
him as much and as often as he hath need, in the faith of 
which I have signed this instrument, and have set thereto my 
seal." 

From this it would appear (indeed the mortgage of his 
printing materials to Fust, mentioned in this document, 
proves) that Gutenberg had expended the whole of his con- 
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nderable private fortune in his experiments, and had fallen 
into the power of his more wealthy associate ; for in conse- 
quence of this judgment, and owing probably to his being 
unable to repay the sums demanded, the whole of his mate- 
rials, constructed with so much perseverance, fell into Fust's 
hands; for the initial letters used by Gutenberg and his 
partners, in works known and supposed to have been executed 
between 1450 and 1455, are likewise used by Fust and 
Scboefier in the Psalter of 1457 and 1459. After such a 
mortifying result of so many years' labor, it would have 
been no matter for wonder had Gutenberg abandoned the 
unprofitable pursuit. On the contrary, he appears to have 
immediately started anew with fresh vigor, and this time with 
success. Another legal document gives curious informa- 
tion: 

** We, Henne (John) Genszfleisch de Sulgeloch, named 
Gudinburg, and Friele Genszfleisch, brothers, do affirm and 
publicly declare by these presents, and make known to all, 
that, with the advice and consent of our dear cousms, John, 
and Friele, and Pedirmann Genszfleisch, brothers, of Mentz, 
we have renounced and do renounce, by these presents, for 
us and for our heirs, simply, totally, and at once, without 
fraud or deceit, all the property which has passed by means 
of our sister Hebele, to the convent of St. Claire of Mentz, 
in which she has become a nun, whether the said property 
has come to it on the part of our father Henne Genszfleisch, 
who gave it himself, or in whatsoever manner the property 
may have come to it, whether in grain, ready money, furni- 
ture, jewels, or whatever it may be, that the respectable 
nuns, the abbess, and sisters of the said convent, have re- 
ceived in common or individually, or other persons of the 
convent (have received), from the said Hebele, be it little or 
much ; and we have promised and do promise, by these pres- 
ents, in good faith, for us and for our heirs, that neither we, 
nor any person on our part, nor yet our said cousins, nor any 
of their heirs, nor any person on their part, shall either de- 
mand, gain, nor claim of the said convent, nor of the abbess, 
nor of the convent in general, nor of the persons who may 
be found therein individually, the said property, of whatever 
kind it may be, either wholly or in part, and that we will 
never demand it again, either through an ecclesiastical or 
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civil court, or without the aid of the law ; and that neither 
we nor our heird will oyer molest the said convent, either bj 
words or deeds, either secretly or publicly, in any manner. 
And as to the books which I, the said Henne, have given to 
the library of the convent, they are to remain there always 
and forever ; and I, the said Henne, propose also to give in 
future, without disguise, to the library of the said conventp 
for the use of the present and future nuns, for their reUgioos 
worship, either for reading or chanting, or in whi^ver 
manner they may wish to make use of them according to the 
rules of their order, all the books which i, the said Mrnntj 
have printed up to this hoWj or which I shall hereafter prints 
in such quantities as they may wish to make use of; and (at 
this the said abbess, the successors and nuns of the said 
convent of St. Claire, have declared and promised to acoiut 
me and my heirs of the claim which my sister Hebele had to 
the sixty florins, which I and my said brother Friele had 
promised to pay and deliver to the said Hebele, as her por- 
tion and share arising from the house which Henne our 
father, asfl^gjoed to him for his share, in virtue of the writings 
which were drawn up thereupon, without fraud or deceit 
And in order that this may be observed by us and by our 
heirs, steadfastly and to its full extent, we have given the 
said nuns and their convent and order these present writings, 
sealed with our seals. Signed and delivered the year of the 
birth of J. C. 1459, on the day of St. Margaret.'* 

From this it will appear, that his new establishment had 
actually produced the long wished-for effect. He appears to 
have carried on the business ten years ; for in 1465 he en- 
tered into the service of Elector Adolphus of Nassau, as 
one of his band of gentlemen pensioners, with a handsome 
salary, as appears from the letters-patent, dated the 17th 
January, 1465, and finally abandoned the pursuit of an art 
which, though it caused him infinite trouble and vexation, has 
been more effectual in preserving his name and the memory 
of his acts, than all the warlike deeds and great achieve- 
ments of his renowned master and all his house. Gutenberg 
died on the 24th of February, 1468. His printing-office' 
and materials had passed into the hands of Conrad Humery, 
syndic of Mentz, who had probably assisted him with money, 
and who a/)pear8 to have been in some degree his partner. 
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He tfterward sold them to Nicholas Bechtermosze of El- 
field, whose works are greatlj sought after by the curious, as 
they afford much proof, by collation, of the genuineness of 
the works attributed to his great predecessor. 

There does not appear to be any record of the early life 
of John Fust or Peter Schceffbr before theur partnership 
with Grutenberg, save that the former was a wealthy gold- 
smith and an ingenious man, and that Schoeffer, sumamed 
de Gemsheim, was a scribe. It is very likely that the com- 
bination of character and qualifications of these three men 
may afford a good clue to the wonderful taste and beauty 
which distingiush the works issued from their press, and con- 
sequently to the great general improvement of the art during 
their life. The ingenuity of Gutenberg would readily sug- 

gist a new and expeditious method of manufacturing types ; 
e practical skill of Fust as a worker in metals (and the 
worUng in gold and silver had at that time attained a most 
extraordinary nicety and beauty), and his large pecuniary 
resources, would readily provide the necessary appliances, 
while the taste of Schoeffer would give all poanble grace and 
beauty to the new forms. For Schoeffer, it nrast be recol- 
lected, was a scribe, one of the ancienl and honorable craft 
whose occupation was destined to fall l\efore the new art ; a 
transcriber, perhaps an iUuminator, of the manuscript works 
in use before printed books ; and those who have had the 
happiness of viewing those exquisite specimens of skill which 
beguiled our ancestors into study and devotion (when will 
modem typography produce such feasts for mind, and eye, 
and imagination r) wul readily conceive that Schoeffer's eye 
was already schooled for &e conception, and his hand for the 
execution, of all the beauty the trammels of a new art and 
limited skill would allow. Aided by his own taste and his 
partners' invention and wealth, SchoeSer proceeded to a new 
enterprise, namely the casting of type. The entire concep- 
tion and execution of this invention has been generally at- 
tributed and allowed to SchoDffer. It seems most probable, 
however, that where three ingenious men are bound together 
by art and interest, no one of them can lay exclusive claim 
to any invention or undertaking executed in the workshops 
and for the mutual benefit of all. Allowing, therefore, to 
Schceffer^ the honor of having suggested some BUch^l^ii^lVi^ 
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other two may fairly put in a clum for their portion of the 
credit on the score of their suggestion and assistance ; espe- 
cially since Fust, as a worker in metals, would have been 
the party to engage workmen to elaborate the conceptions of 
his partners' brains. Accordingly the only eyidence upon the 
subject appears to show that the partners had for some time 
practiced a method of taking casts of types in moulds of 
plaster ; for it must be remembered that the types of Guten- 
berg's earlier efibrts, both at Strasburg and at Ments, were 
cut out of single pieces of wood or metal with infinite labor 
and imperfection. This method of casting, however, although 
a great improvement, was at best but a slow and te^ous pro- 
cess. Almost every type cast would require a new mould ; 
no skill or care codd enable the workman to impress so 
small a thing as a type is at the face, yet so elongated in the 
shank, fully, freely, and steadily, into a soft material ; and 
it would be necessary afterward, under the most &yorable 
circumstances, that the squareness and sharpness so indispens- 
able in type should be given by another slow process ; so 
that at best this advance was but an imperfect and tedious 
operation. Schoeffer has therefore an unaoubted claim to be 
considered as one of the three inventors of printing ; for he 
it was who first suggested the cutting of punches, whereby 
not only might the most beautiful form of type the taste and 
skill of the artist could suggest be fairly stamped upon the 
matrix, but a degree of sharpness and finish quite unattaina- 
ble in type cut in metal or wood could be given to the face; 
whilst to the shank, by the very same process by which the 
face was cast, the mould would give perfect sharpness and 
precidon of angle. Add to this, that the punch being once 
approved of, could be kept readv to stamp a new matrix in 
precisely the same condition and form as the first, should that 
DO worn out or mislaid, or make a duplicate should the de- 
mands of business require it. It is nevertheless rather 
singular, tiiat the mould represented on the right side of the 
press of Ascensius, shortly afler the time of Schoeffer, should 
be precisely the same in form and manner of use as that of 
the present day. This was evidentiy an immense stride 
toward perfection ; let Schoeffer therefore take a place on 
the right hand of the inventor. 
Whatever may have been the several shares of the mas- 
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ten in perfecting their art, their joint labors were effectual. 
The first productions of their press — passing over an Alpha- 
bit^ the IhctrinaU of Alexander Gallus, and a Donatu$j 
which are of doubtful authenticity, and are merely block- 
books — were three editions of Donatus, the first books known 
to have been printed entirely with movable types. In 1455 
they printed the celebrated Litterce Indulgentice Nicolai V. 
Pont, Max.j which is the first work — ^it is only a single page 
— printed with movable types which is dated. In 1455, or 
thereabouts, for it has no date, they printed the famous Bib- 
Ua Latina Vulgata^ generally known as ^Uhe Mazarine 
Bible." It has no colophon or Explicit. And it should be 
noted, that there is no book known which bears the conjoint 
names of Gutenberg, Fust, and Schoeffer, nor any which has 
the imprint of Gutenberg alone. 

Within eighteen months of their separation from Guten- 
berg, Fust and Schoeffer produced the celebrated Psalter. 
This was printed with large cut type. As it is impossible 
that a new font could have been prepared, and so splendid 
a work printed within that short space, it moat be evident 
that the partners did great injustice to Gutenberg in sup- 
pressing his name from the colophon. This book was pro- 
duced in the month of August, 1457, and is the first book 
which bears the name of the place where it was printed, 
those of the printers, and the date of the year in which it 
was printed. This Psalter was reprinted in 1459, 1490, and 
1502, and always in the same type, which, it is remarkable, 
was never used for any other work, probablv because its 
great size made it unfit for any other works than those not 
intended for popular reading, but to lay on desks like our 
church Bibles. On the 16tii of October, 1459, Fust and 
Schoeffer published the Durandi Rationale Divinorum Offi- 
ciorumj with an entirely new font of type; in 1460 the 
Constitutionea Clementis V.; and in 1462 the celebrated 
Latin Bible. In 1465 they printed Cicero de Officiis^ in 
which occur the first printed Greek types. Fust enjoyed this 
successful and glorious practice of his art but ten short years ; 
yet in this period what an immense advance from the mis- 
shapen and irregular lumps of their first efforts, ugly in them- 
selves, and more ugly in their utter want of relative propor- 
tion and alignment; to the well-proportioned, even\^-^\;dixA- 

3 
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ing type of the Bible ! The plagae carried him off in Paris 
about the year 1466, full of years, and perchance full of 
honors. Schoeffer sunriyed many years, and, in conjunction 
with Conrad Henlif, produced a great number of worln. 
His name is found in the colophon of the fourth edition of 
the Bible of 1402, about which time he is supposed to have 
deceased. There are ten books which are known to have 
been printed by Fust and Schoeffer conjointly. Schoeffer 
continued to print during a period of thirty-fi?e or thirty-six 
years after the death of Fust, and his productions are very 
numerous. 

Were we to take tradition for our guide as regards the 
character of Fust, we should regard him as a conjuror and 
an adept in the black art. The popular story (and many 
^^ grave and discreet old men '' have given credit to the tale) 
runs, that having kept these proceedings profoundly secret, 
as soon as their Bible was finished. Fust transferred himself 
to Paris with many copies of the new work, and palmed 
them upon the learned as manuscripts — to which, as they 
were pnnted on vellum, in a type bearing much resemblance 
to the written books of the period, and the vignettes and 
initial letters were splendidly illuminated, they were not very 
dissimilar ; that some eager scholar or devotee became the 
possessor of the first copy, supposing it to be a rare chance, 
at the moderate price of four or five hundred crowns ; that 
as he brought the work into the market, the price fell rapidly 
to sixty, and then to thirty crowns, by which time the extra- 
ordinary glut produced suspicion, and Fust was accused of 
multiplying Holy Writ bv the aid of the Devil, and was ac- 
cordingly persecuted by the priesthood, whilst the l^ity, look- 
ing to their temporal interests, prosecuted him for his inroad 
into their pockets ; and that from these things Fust was 
obliged to quit Paris precipitately. 

Having thus given a sketch of the origin and history of 
the art of printing, a brief account of the works issued by 
the illustrious triumvirate will not only be proper here, but 
will give the general reader a better idea ot the astonidiing 
perfection to which the art rose under the taste and genius 
of its inventors. As before remarked, there is not a single 
work of Gutenburg which bears his name; yet there are 
several which bear such internal evidences that the literati 
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of all parties andopmions are unanimous in attributing them 
to his press. 

Of these works, Dr. Dibdin, the well-known bibliographer, 
gives the Mowing account : 

^^ First, as to the character of the type used by the early 
MentK printers. This appears to have been uniformly what 
is called CFathic; and if we except the varieties of the larger 
type (from three-eighths to two-eighths or to a quarter of an 
inch), which appear in the Psalters of 1457, 1459, and 1490 
(the tvpe common to the most works executed about the same 
period), we shall observe three distinct sets or forms of let- 
ters used in the printing-office of Faust and Schoiffher. Of 
these three typographical characters, two only (if we except 
the one with which the Bible of 1455 was executed) are 
visible in the publications which appear to have been printed 
in the lifetime of Faust ; that is to say, the larger Gothic 
used in the Bible of 1462, and the smaller Gothic in the 
Office$ of Cicero, of the dates of 1465 and 1466. These 
appeared united, the former, for the first time, in the Cansti" 
tutions of Pope Clement F*., of the date of 1460. Schoiff- 
her introducea a l^pe of an intermediate size, which may 
be seen, among other works, in the Rudiments of Orammar 
of 1468, and in the DecretaU of Pope Ghregory ihe Ninths 
of the date of 1479. This intermeoiate type is of a nar- 
rower form, and prints very closely. Of the tiiree types 
here mentioned, the largest is undoubtedly of the handsomest 
dimensions ; but they all partake of the Secretary Gothic^ 
and may be said to be the model of that peculiar character 
which was adopted by the early Leipmc printers, Thanner 
and Boettiger, and was more especially used by Jolm Schoiff- 
her and the other German printers for nearly the whole of 
the sixteenth century. Shew me, Lisardo, one book, nay, 
one leaf only, printed in the Roman type, in the colophon 
of which the name of Faust or of Peter Schoiffher appears, 
and you shall immediately have the amount of the balance 
in my favor, at my banker's, be it great or small, be it 2001. 
or 20Z., for such a precious and unheard-of curiosity. 

" We shall now, in the second place, say a few words as 
to the character of the printirtg^ or of the mechanical skillj 
of the early Mentz press. There can be but one opinlotv 
upon this point. Every thing is perfect of the kind, l\i^ ^v 
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per, the ink, and the register, or regularity of setting up the 
page. The Bible of the supposed date of 1455 is quite a 
miracle in this waj ;* but tne Psalters are not less miracu- 
lous, nor is less praise due to the Oamtitutiani of Pope 
Clement F., of the date of 1460, and the Bible of 1462 ; 
while the Durandui^ of the earlier date of 1459, ezhilnting 
the first specimen of the smallest letter, strikes one as among 
the most marvelous monuments extant of the perfection <rf 
early typography. Almost idl the known works before the 
year 1462 are printed upon vellum^ doubtless because they 
ventured upon limited impressions ; and even of the Bible of 
1462 more copies have been described upon vellum than upon 
paper. Upon the whole, the vellum used by Faust and 
Scnoiflfher, although inferior to the Venetian, is exceedingly 
good, being generally both white and substantial. 

^^ In the third place, let us notice the nature or character 
of the works which have issued from the press of Faust and 
Schoiffher. Whatever may be our [partiality toward that 
establishment from which the public were first gratified with 
the sight of a printed book, candor obUges us to confess 
that the fathers of printing were not fortunate, upon the 
whole, in the choice of books which issued from their press. 

^^ In the fourth place (for I told you I should be somewhat 
tautologous), consider what is the typographical appearance 
of these books which Gutenberg is redly supposed to have 
executed. It is (|mte unique. A little barbarous, and cer- 
tiunly wholly dissmiilar from any thmg we observe in other 
cotemporaneous productions of the Mentz press. You will 
please to understand that I think very doubtudly of the Dona- 
tuseSj which are considered to have been printed by him ; 
as well as of the Speculum Sacerdotum^ and Celebratio Mie- 
sarum; concluding the Catholicon of 1460, and the Vocab- 
ularies of 1467 and 1469, to be the more genuine produo- 

* This is even sober praise. The mechanism of the press-work, and ap- 
pearance of the ink, beautiful, regular, and glossj as the whole appears, 
does not strike one with more astonishment than the manufacture of the 
paper. " Charta," sajrs Tangendres, " cjusdcm est crassitudinis, qualem 
illo tempore libris imprlmendis consumere mos lUit" And again, '* Charta 
ob ejus densitatem atque spissitudinem baud ingratam ubiquc se maximo 
commendat." {Dug* de jfol, Charaet, lAkfror, p. 27, p. 46.) And see Mecr- 
man's testimony in favor of the paper of the Soubfaco press, Ong, Typog. 
vol L p. 9, note. 
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tioQS of his press, or of the types used by him. Is it not 
surprising, I ask, that these works are executed in types 
quite different from any thing in the Ments productions ? and 
this from a man who is considered as the purent of printing 
in that city. No wonder, if they be the actual proauctions 
of Grutenberg, that Faust and Schoiffher thought so meanly 
of his talents, and that on a dissolution of partnership they 
adopted a different and a very superior character." 

in confirmation of these remarks of the learned bibliog- 
rapher, we shall here insert a specimen of Gutenberg's 
Balbui de Janua^ which will also be a curious illustration of 
aneient art. Notwithstanding the appearance of these types, 
the reader is assured that the original is really printed from 
separate pieces of metal.** 

!<tmtiire r^gptaYirmo^iilaco tioci^ fVa in 
BsniAotJuatnottudacSTtic piid)^dlvtn^at> 

^ 4/fLemi vni rilUbc^Kesobfis & ab «5m 

wctriqf ittotuUcom« et mdUt^*que acccntunott 

Dr. Home, in the appendix to his Introduction to Bibliog^ 
raphyj says of the Psalter, ^' This precious work, as San- 
tander jusUy calls it, is one of the most known among early 
printed books, from the various and correct descriptions of 
it which have been given by different bibliographers. Un- 
til the discovery of Pope Nicholas's Literce Indulgentiarum^ 
this was supposed to be the very first article ever printed 
with a date affixed ; the book is executed on vellum, and of 
such extreme rarity that not more than six or seven copies 
are known to be in existence ; all of which, however, differ 
from each other in some respect or other. The most perfect 
copy known is that in the imperial library at Vienna ; it 
comprises 175 leaves, of which the Psalter occupies the 135 
first and the recto of the 136th. The remainder is appro- 
priated to litany, prayers, responses, vigils, etc. The psalms 
are executed in larger characters than the hymns, similar to 
those used for missals prior to the invention of printing ; but 

* The initial A is illuminated in a very brilliant blue. The reader who 
is deAirooR of obtaining the full eflect of this epecimon can fill up the 
printed outline in water-color. 
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• 
all are distingaiBhed for their uncommon blaclmess. The 
capital letters, 288 in number, are cut on wood with a de- 
gree of delicacy and boldness which are truly surprismg ; the 
largest of these, the initial letters of the psalms, which are 
black, red, and blue, must (as Lichtenberger has remarked) 
have passed three times through the press. Copies are now 
in the Queen's library at Win£or, and in that of Earl Spen- 
cer at Spencer House." 

The extraordinaay praise awarded by these eminent bib- 
liomaniacs to the firat productions of the Ments press may 
perchance excite in the minds of the more sober publio a 
suspicion that these writers have been led away by thdr en- 
thusiasm beyond the limits of matter-of-fact truth, and have 
seen merit in defects, beauty in defomuty, and luster in an- 
tiquity. Assuredly, nevertheless, such is by no means the 
case ; and the happy individual who gains access to the dl^ 
cToeuvres of Fust and Schceffer will return from the inspec- 
tion a wiser man ; for the beauty of these works is inconceiv- 
able. England fortunately possesses several of these treas- 
ures of art, there being copies of the Bible of the supposed 
date of 1450-55 in the Royal Library, in the Bodleian, and 
in those of Earl Spencer and Henry Perkins, Esq. ; whilst 
of the six known copies of the Psalter of 1457, two are in 
England, namely, one at Windsor, and one in the possession 
of Lord Spencer. Of the Latin Bible of Fust and Schoeffer, 
1462 (the first bearing date), there are copies on vellum at 
Blenheim, in the libraries of Lord Spencer, the Earl of Jer- 
sey, one formerly belonging to Sir M. Sykes, in the British 
Museum, and in the Bodleian (imperfect). Copies on paper 
are rarer still, there being but three in England, viz., those 
in the Royal Library and the British Museum, and one lately 
in the possession of Mr. Willett. 

Apparently, in retaliation for the injustice done to Gut- 
enberg by his partners in depriving him of any share of 
the honor of producing the Pssuter of 1457, which, as before 
stated, must be the joint production of all three, although it 
was not finished until after the secession of Gutenberg, bib- 
liographers have generally agreed in attributing the printing 
of the Bible of 1450-55 to Gutenberg alone, when it is 
equally manifest that Fust and Schoeffer had as much clum 
^ the honor as their coadjutor. It is an exceedingly beau- 
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tifal book, in two very large folio yolnmee, in two columns, 
containing from forty-one to forty-three lines each, in very 
large well-cat tvpes. It consists of six hundred and fortv- 
one leaves; it has no title, paging, signatures, or catch- 
words; the initial letters are not printed, but painted in 
by illuminators, and the initial letters of each verse of the 
psalms are painted alternately red and black, by way of 
guide to the priests in their alternate reading. From the 
luster and blackness of the ink, its evenness of color, and 
beautiful execution, it is a very superb book ; but it is nev- 
ertheless surpassed by the Fust and Schceffer edition of 1462, 
when they had attained greater experience in the practice of 
the art. By far the choicest, however, of these editionei 
prindptij is the Mentz Psalter or Codex Psalmarum before 
mentioned. Dr. Home says that the six known copies of this 
edition differ from each other in some respects, and proceeds 
to give some particulars in which variations are found ; but 
by collating the copies in the Boyal Library, that at Windsor, 
and that at the British Museum, it will be found that, al- 
though bearing the same date, they are in fact three distinct 
editions. It would have excited no surprise had it been 
found that the printed ornaments differed, as nothing would 
be more easy than to change the colors with .which the differ- 
ent blocks were worked ; and in fact in the Museum copy 
the initial B is printed in a bright blue, and the scroll-work 
is red ; but the text varies in such a manner that there can 
be no doubt of their perfect distinctness. 

It must also be noted that in the Windsor copy each line 
is ^^ justified out," which is not the case in Earl Spencer's 
copy ; and that in the Museum copy the page commences 
with rubrical matter, which is continued down the two first 
lines of text, which are shortened. The difference is effect- 
ed by variations in the contractions of many of the words. 
The book* is a very large folio, on vellum, consisting of 
about a hundred and thirty leaves, printed on both sides. 
There are generally twenty-three lines in a page, in Gothic 
type. Every psalm begins with a splendid initial letter, 
printed in two colors in almost every case. Occasionally, 

* The copy described is that at Windsor ; the illuminations, no doubt 
vary in every copy. 
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however, this appears to have been neglected, and then the 
letter is painted in by the illuminator, bat not in imitation of 
the printed letters. The initials consist of a bold character, 
of Gothic cut, surrounded by a scroll, which is sometimes of 
great length, but that of the B extending from the top to the 
bottom of the page. The same wooden block is used as often 
as the letter occurs, but it is not always in the same colors. 
Moreover, every verse commences with a smaller initial 
printed in a red color. Nor is this work destitute of the 
embellishments of the illuminator ; for at the commencement 
of every psalm is a rubric, painted in a most brilliant red, 
in a smaller letter, of precisely the same character as the 
text, and also the music of the chant, with the words under* 
neath it painted in black. The initial letters of both are 
spendidly illuminated in various colors. The paint is used 
in such profusion that the letters are absolutely in relief, 
often to the extent of one-sixteenth of an inch ; and besides 
these, the letter following the grand initial has a broad bar 
painted down it, and very frequently the first letter after 
the pauses indicated in our authorized version by a colon is 
illuminated in a similar manner. One page is particularly 
splendid ; it consists of short verses, in which the first wor(u 
are constantly repeated. It commences with a grand initial, 
and there are twenty-two smaller initials to the verses ; the 
second letter of the first verse, and the first letter after every 
pause (twenty-three in number), having the broad illumin- 
ated bar. Wherever the psalm commences too near the bot- 
tom to allow of the full exuberance of the scroll, a piece of 
paper appears to have been laid over a portion of the cut, 
to prevent the impression from appearing ; and in one psalm 
where the chant is of unusual length, the lower part of the 
initial 0, and a corresponding portion of the scroll, are thus 
suppressed ; the music being illuminated in its place, and 
the scroll continued below it. Sometimes the illuminator 
has omitted to add his initial letter ; and in this copy the 
double device is omitted. The accuracy with which the 
colored blocks are printed within the text and within each 
other is perfectly astonishing. From this description it may 
be conceived how very superb is the first book ever printea, 
the date, and place, and artist, of which can be accurately 
ascertained. Dr. Dibdin in the Bibliotheca Sptnceriana^ 
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Mr. Savage in his work on Decorative Printing^ Dr. Home, 
whoee wood-block is not colored, and several other writers, 
have given fac-similes of the same copy (Lord Spencer's), 
which, however, all diflfer from one another. 

The capture of the citj of Ments by Count Adolphus of 
Nassan in the year 1462, had the effisct of interrupting the 
labors of Fust and Schoeffer ; and moreover the distracted 
state of the city enabled, perhaps compelled, the workmen 
initiated in the mysteries ot the art to flee into the neighbor- 
ing states, and thus spread its practice over the whole civil- 
ized globe. Such, indeed, was the fame it had already 
acquired, and such the idea entertained of its importance, 
that every community with the slightest pretensions to liter- 
ature appears to have sought a knowledge of it with the great- 
est aviaity. Thus, within six years of the publication of the 
Psalter, it had spread to several cities having some connec- 
tion with Mentz, and within fifteen years to almost every 
town of consideration in Christian Europe. A chronological 
list of the cities which first seized upon the invention would 
be greatly too long for this article ; it may be interesting, 
however, to extract a few of the principal, with a notice of 
such printers as are remarkable either for the beauty or the 
scarcity of their works. The reader is not to suppose that 
ail, or indeed any great number of these, learned the prac- 
tice of the art under the tuition of the first masters. A few 
are known to have been pupils of the inventors, and it is 
probable that many others of them were so; but the majority, 
in all likelihood, were men of learning, enterprise, or capital, 
who derived their typographical knowledge from such facts 
as had transpired, or from inferior workmen of Fust and 
Schoefier or Gutenberg supplying deficiencies by their own 
ingenuity. 

Strasburg, Mentelin. Some writers have claimed for 
Mentelin the inveution of printing, representing that Guten- 
berg was his servant, without, however, showing the slightest 
ground for their assertions ; but others, more reasonable, say 
that he was acquainted with Gutenberg, and instructed by 
him, and that on the lattcr's quitting Strasburg he estab- 
lished a printing-office, and carried on the business success- 
fully. Mentelin most probably printed about the year 1458. 
His type is rude and ineJe^aut. The only book bear\i\g^ \i\^ 




42 FivB Black Abis* 

name is Beauyais^s Speculum Histarialej of date' 1478. 
Schsepflin says, that he, as well as Fast and Schoeffer at 
Mentz, printed 800 sheets per day. 

In 1461. Bamberg. Albert Pfiister. He printed a od- 
lection of Fables^ of date 1461. This book is ezceasayely 
rare ; it is printed with cast metal type, and is illnstrated 
with 101 wood-cuts^ in much the same style as the old Bib&a 
Pauperum. All lus other works are printed in the same 
type. 

1465. Subiaeo and Borne. Schweynheym and Pannarti. 
Their known works are, a BanattLSj without date ; Laotan- 
tius, 1465 ; St. Augustin on the City of God, 1467 ; Oieere 
de Oratorey without date ; and the Commentary of Be Lffra 
on the Bible^ 1471, all in folio. These works were printed 
in a new letter, yery closely resembling the type now in use 
called Bomauj and of which they were the introdacers. 
In Be Lyra are the earliest specimens of Oreek types worthy 
of the name ; some few letters appear in the Cicero de Offieiu 
printed at Mentz, but so wretchedly imperfect that they are 
unworthy of mention. It is curious that the Greek font of 
Schweynheym and Pannartz at Subiaeo was eyidently yery 
small ; but upon their removal to Rome they cast a much larger 
font. The cut and appearance of this Greek is more tlian 
respectable. There is a very curious petition from them to 
the pope, praying for assistance on the ground that they had 
entirely ruined themselves by printing Be Lyra^ for which 
there was no sale, and representing that they had on their 
hands no less than eleven hundred folio volumes of that 
work. Subiaeo is the first place in Italy in which printing 
was practiced. At Rome Ulric Han and Lignamine were 
cotemporaries. Their works, particularly those of Han, are 
excessively rare. 

1467. Elfield. Henry and Nicholas Bechtermunze. They 
purchased from Conrad Humery the types and materials 
of Gutenberg. Their works are not at all remarkable for 
beauty, but are very rare, and much sought for as affording 
evidence of Gutenberg's works. 

1467. Cologne. Ulric Zell. His type is Gothic, and 
of no beauty ; but his works are rare. 

1468. Augsburg. Ginther Zainer printed the first book 
in Germanj with Roman type. 
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1469. Venice. John de Spira, whose works are of the 
utmost beauty. His edition of Pliny is splendid, and enor- 
mous soms have been given for those printed in yellum. He 
did not use Greek characters ; bat Greek passages are com- 
posed in Roman lypes. In the same city, at the same time, 
printed Nicholas Jenson, whose works are equal, if not su- 
perior, to those of Spira ; they are not so rare, but are almost 
equally sought after. A copy of his folio Latin Bible of 
1479, printed in Gothic type, was sold at Mr. Edwards's sale 
for lloZ. 10». Venice was also the residence of Christopher 
Yaldarfar, whose works gave rise to a most extraordinary 
event connected with bibliography, viz., the sale of the first 
edition of II Becamerane di Boccaccio j printed by him in 
1471. For many years it had been known that a smgle 
copy of this work was in existence, and the most devoted 
bibUomaniacs had used their utmost endeavors to discover it, 
but in vain. At length, about 1470, an ancestor of the 
Duke of Boxburghe obtained possession of it for the sum of 
one hundred guineas. In lapse of time it became the prop- 
erty of John duke of Roxburghe, the accomplished, indefat- 
igable, and undaunted bibliomaniac, after whose death his 
gorgeous library was dispersed by the auctioneer in the year 
1811. The interest excited amongst the learned by this sale 
was intense. It was known that the collection contidned the 
most superb specimens of every kind of ancient lore ; that 
the illuminated manuscripts were- the most brilliant, the bal- 
lads the most obscure, the editiones principes the most com- 
plete that the world could produce ; that the rarest Caxtons, 
the finest Pynsons, and grandest specimens of the foreign 
printers, were here to be found ; above all, it was rumored 
that a mysterious edition of Boccaccio's Decameron would 
become a bone of contention amongst the noblest of the 
literati. The public, learned and unlearned, were infected 
with the mania, and the daily papers teemed with notices of 
the sale. At length the important day arrived, the 17th of 
June, 1811. St. James's Square was the place. Mr. Evans 
presided. The room was crowded ; Earl Spencer, the Mar- 
quis of Blandford, the Duke of Devonshire, and an agent of 
Napoleon, were amongst the most prominent. The book was 
a small folio, in faded yellow morocco binding, black-letter. 
" Silence followed his (Mr. Evans's) address," saya Dibdiu. 
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'' On his right hand, standing against the wall, stood Earl 
Spencer; a little lower down, and standing at right angles 
with his lordship, appeared the Marquis of Blandford. The 
duke, I believe, was not then present ; but my Lord Althorpe 
stood a little backward, to the right of his &tiier, Earl Bpen 
cer. Such was ^ the ground taken up ' by the adferse hosts. 
The honor of firins the first shot was due to a sentleman of 
Shropshire, unusea to this species of warfare, and who seem- 
ed to recoil flx)m the reverberation of the report himself bad 
made. ^One hundred guineas,' he excbumed. Again a 
pause ensued ; but anon the biddings rose rapidly to five 
nundred guineas. Hitherto, however, it was manifest that 
the firing was but masked and desultory. At length all ran- 
dom shots ceased, and the champions before named stood 
gallantly up to each other, resolving not to flinch from a trial 
of their respective strengths. ^ A thousand guineas ' were 
bid by Earl Spencer; to which the marquis added 'ten.' 
You might have heard a pin drop. All eyes were turned ; 
all breathing well nigh stopped. Every sword was put home 
within its scabbard, and not a piece of steel was seen to move 
or to glitter save that which each of these champions brand- 
ished in his valorous hand. See, see; they parry, they longe, 
they hit ; yet their strength is undiminished, and no thoueht 
of yielding is entertained by either. * Two thousand pounds' 
are offered by the marquis. Then it was that Earl Spencer, 
as a prudent general, began to think of an useless effusion of 
blood and expenditure of ammunition, seeing that his adver- 
sary was as resolute and fresh as at the onset. For a quar^ 
ter of a minute he paused, when my Lord Althorpe advanced 
one step forward, as if to supply his father with another spear 
for the purpose of renewing the contest. His countenance 
was marked with a fixed determination to gain the prize, if 
prudence in its most commanding form, and with a frown of 
unusual intensity of expression, had not bade him desist. 
The father and son for a few seconds converse apart ; and 
the biddings are resumed. ^ Two thousand two hundred and 
fifty pounds,' said Lord Spencer. The spectators are now ab- 
solutely electrified. The marquis quietly adds his usual ^ten,' 
and there is an end of the contest. Mr. Evans, ere his ham- 
mer fell, made a due pause, and, indeed, as if by something 
preternatural, the ebony instrument seemed itself to be 
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charmed or siupended io * in mid-air/ However, at length 
down dropped the hammer, and, as Lisardo has not merely 
poetically expressed himself, ^ the echo ' of the sound of that 
uUen hammer ^was heard in the libraries of Rome, of Milan, 
and Saint Mark/ Not the least surprising incident of this 
extraordinary sale is, that the marquis already possessed a 
copy of the work, which wanted a few leaves at the end ; he 
therefore paid this enormous sum for the honor of possessing 
a few pages. The prize of this contest is now in the posses* 
non of ^0*1 Spencer." 

1469. 3luaH. Lavagna. In 1476 Dionysius Palava- 
dnoB printed the Greek Grammar of Constantine Lascaris, 
in quarto, wluch is the first book printed entirely in Greek. 
The first printing in Hebrew characters was performed at 
Soncino, in the duchy of Milan, in 1482. 

1470. Paris. Ulricus Gering, M. Crantz, and M. Fri- 
burger. 

1471. Florence. Bernard Cennini. In 1488 Demetrius 
of Crete printed the first edition of Homer's works, in most 
beautiful Greek. 

1474. Basle. Bemardus Richel. 

' 1474. Valencia. Alonzo Fernandes de Cordova. 

1474. Laupoin. Joannes do Westphalia. 

1474. Westminster. William Caxton, the Game of 
Chess. 

1475. Lubeek. Iacss Brandis. 

1476. Antwerp. Thierry Martins of Alost. 

1476. Pi29^ m Bohemia. StaiutaSynondaliaPragenr 
$ia : printer's name not known. 

1476. De^. Maurice Yemantz. 

1478. Geneva. Adam Steinschawer. 

1478. Ooi^ord. Theodericus Rood. 

1480. St. Albans. Laurentii Ghiillielmi de Saona 
Hhetarica Nova ; printer's name not known. 

1482. Vienna. John Winterburg. 

1483. Stockholm. Johannes Snell. 

1483. Harlem. Formulce Novitiorum^ by Johannes 
Andriesson. This is the earliest book printed at Harlem 
vnth a date. In giving this as the first work known to be 
printed at Harlem, the claims of Koster, his grandsons and 
successors, must, of course, be reserved. 
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1498. Ocpmikagm. OoOiofridiM de GBwoMo. ' 

1500. (M0ot9. Jotiin60 HiUer. 

1600. Mumidi. Joumas Sohobier. 

1500. AmfUrdam. D. Pietezsoen. 

1507. BUnburgL A Latin Breriiiy; no pM 
name. From a patent of James IV. it appean tlitt tti 
printinff-preaB was established at Edinbm^ in 1607. J 
the stjTe and types, it is probable that tbey ware iiBj| 
from IVande. *1 

1551. JDvbUn. Ireland was apparentlT tiie last edi 
in Enrope into which printmg was introdiioed. m 
book pnnted is a black-letter edition of the Bode of i 
mon Pnver, printed by Hom^rey PowelL 

1569. msdco. iuitooio Spinoiay VoctMUtrh m . 
fftM OaaieUana y Mmeana. 

1689. United Skate$y at the town of Cambridge, fei 
State of Bfassachnsetts. Printer, Stephen Daye. 

* The lint printiD^preEs " worked " In fhe American Colonlet wm 
np *' at Cambridge, jfaeiacbnfletts, in 1639. Rev. Jeise Glorer pn 
tuB pretB by " contribations of MeDda of learning and religioi^Sfa 
Bterdam and In England, bnt died on hia paaeage to the new wmk 
phen Daye was the first printer. In honor of nis pioneer podtUH 
emment gare him a grant of three hundred acres of land. 

Pennmyania was the second oolonr to enconrage printing. If 
Bradfora came to Pennsylvania with William Pcnn, in 1686, and 
Ushed a printing-press in Philadelphia. In 1692, Mr. Bradford w 
dnced to estabusn a printin^press in New Tcrk. He reodved 41 
annum and the privilege of pnnting on his own account Previooa I 
time, there had been no printing done in the Province of New York, 
first issue in New York was a proclamation bearing the date of llSi 

It was nearly a century after a printing-press had been set up b 
Eiwland befnre one would be tolerated in Yirg^nia. 

fte southern colonists had no printing done among them till 1717. 

There was a printing-press 



At New London In Connecticut, in 
Annapolis in Maryland, 
Williamsburg in Virginia, 
Charleston in South Carolina, 
Newport in Rhode Ldand, 
Woodfaridge in New Jersey, 
Newbem in North Carolina, 
Portsmouth in New Hampshire, - 
Savannah in Georgia, 
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1709. 

- 1726. 
1729. 

- 17S0. 
1732. 

- 1752. 
1766. 

• 1766. 
1662. 



The first nrintln^press established in the North-West Terrilar 
worked by William Maxwell, at Cincinnati, in 1793. The fint pc 
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It was the custom of the early printers to distinguish their 
books by the most fantastic devices; and by these their 
Works may be readily recognized. Many of them were of 
exceeding beauty, and all the skill and appliances of their 
Art were employed to render them striking ; they are really 
to ornament to their works. The invention of these has 
been ascribed to Aldus ; but the very first printers, Fust and 
Schoefier, used each for himself, yet conjoined, devices of 
rare excellence. 

Our chronological arrangement has prevented us from 
mentioning some of the most skillful typographers. Their 
works, however, are so numerous, and their efforts so well 
known, as to render it unnecessary to do more than mention 
their names. Such men as the Aldi,* Frobenius, Plantinus, 
Operinus, the Stephani, the Elzeviri, the Gryphii, the Giunti, 
the Moreti, and hosts of peers, have universal fame. The 
printing-office of Plantinus, in the Place Vendredi, at Ant- 
werp, exists in its full integrity, and in the possession and 
use of his descendants the Sf oreti ; the same presses, the 
same types, with the addition of every improvement modem 
skill has efiectod, are still in use, and an inspection of these 
singular relics of olden art will well repay the investigation 
of the curious. 

TUB nilST PRESSES. 

Of the mechanical means by which these beautiful im- 
pressions of the old printers were produced there is little or 
no record ; but it is qmto evident that they must have been 
efiected by some more skillful process than mere manipula- 
tion, that is, than the appliance of a burnisher, as is evident 

executed west of tho MissiBsippi was done at St Loui8, in 1808, by Jacob 
Hinkle. 

There had been a printing^prcfis in Kentucky in 1786, and thorp was one 
In Tenneesec in 1793— in Michigan in 1809— in Miraipsippi in 1810. Lou- 
ifliana had a prem immediately after her possesKion by the Uniti'd States. 

Printing was done in Canada befivre the Reparation of the American Col- 
onies from the Mother Country. Halifax hod a prcKS in 1751, and Quebec 
boafited of a printing-office in 1764. — Sketch qf the Griffin and Progress qf 
Friniing, by William T, Cfc^yttAtfW— Newspaper Recoud. Lay Sf Brother, 
PkOaddphia, 1S57. 

* It Hhould be mentioned that AlduR ManutiuR invcnt(Ml the beautiful 
character of type called Italic at tho end of the fifteenth century. The 
fint book printed with it is a Virgil, 1501. 
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in the first wood-cuts, or of a roller, or superficial pressure 
applied immediately by hand. It is very probable Uiat one 
of the difficulties which Gutenberg found insuperable at 
Strasburg, was the construction of a machine of sufiieient 
power to take impressions of the types or blocks then em- 
ployed ; nor is it at all wonderful that the many years he re- 
sided at that city were insufficient to produce die requisite 
means ; for, with cutting type, forming his screwsj inventiDg 
and making ink, and the means of applying his ink when 
made, his time must have been amply occupied. Moreover, 
the construction of a press would require a versatile genius, 
and excellent mechanical skill, not to be looked for in (me 
man. But upon his junction with Fust and Schceffer, the 
gold of the former, and the invention of all the three, would 
soon supply the defect ; and, for aught that appears to the 
contrary, the press used in their office difiered in no essential 
point from those in use until the improvements of Blaew in 
1600-20. Fortunately, amongst the singular devices with 
which it pleased the earlier printers to distinguish their 
works, Badius Ascensius of Lyons (1496-1535) chose the 
press ; and there are cuts of various sizes on the title-pages 
of his works. It appears from these, that, like that of Gut- 
enberg, they could print only four pages at a time, and that 
at two pulls ; the table and tympan ran in, and the platen 
was brought down by a powerful screw, by means of a lever 
inserted into the spindle. 

The color which the earliest typographers used was prob- 
ably made according to the style of work in hand. The 
earliest copies of the Speculum and Bihlia Pauperum were 
printed in a brown color, of which raw umber is the principal 
ingredient. It appears to have been well ground and thin. 
It was, most likely, of the same tint as the old drawings of 
the same subjects, and would be better adapted for the filling 
up in various colors, as appears to have been the practice, 
than a black and harsh outline of ink. Fust and ^choeffer, 
however, introduced, and their followers adopted, black ink, 
and were so skillful in compounding it that their works pre- 
sent a depth and richness of color which excites the envy of 
the moderns ; nor has it turned brown, or rendered the sur- 
rounding paper in the slightest degree dingy. The method 
of applying it to the types was by means of balls of skin 
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ik wool, in erwj respect the same as those used 
I ago. The ink was laid in some tluokness on a 
a stone dab, and taken thenee in small quantities 
d by a mnller, and thence ag^ taken hj the balls 
d to the types. The types appear to ha?e heea 
n cases yeiy mnch the same as ours. The com- 
tk differs somewhat, bat cannot now be Ytrj dearly 
The different operations of casting the type, 
, reading, and working, are mostiy represented in 
^Murtment ; bat, it is probable, more fbr tiie sdce of 
mity, than becaose each was real^ the costom. 
it lia?e been many workmen engaged m most of ihe 
ihments ; and they well knew the Talae of deanli- 
k is unattainable where all the operations are car- 

{ether. 

oeral and oririnal belief is that WilHam Gaxton, 
irty years rended in the Low Countries, under tiie 
Ehiffles the Bold, and who had taken eyerr oppor- 
leamins the new art, and had availed himself of 
e of lijbntz to secure one of the funtiye workmen 
d Schodfier, established a printine-omee at Cologne, 
printed the French original and his own tnmslation 
euyeS of the M»tarjfS9 qf IVw^; that whilst at 
le became acquainted with Yfjvlkjn de Worde, 
k Bood, both foreigners, and Thomas Hunte his 
o, who all subsequentiy became printers in Eng- 
i he afterward tnmsferred his materials to Eng- 
k Wynkyn de Worde came over irith Um, and 
iras the superintendent of his printing establii^ 
i his first press was estabfished at Westminster, 
. one of the chapels attached to the abbey, and 
under the protection of the abbot; and iihat he 
uced the first book printed m England, the Game 
which was completed on the last day of March, 

rectness of these facts is not matter of dispute, all 
reeing that Caxton did so set up his press at West- 
ad print his Game of Chess in 1474 ; but it has 
rtea that Gaxton was not the first printer, nor his 
rst book printed, in this country. Neither does 
lyersy rest upon the contradictory statements of 
4 
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many writers, for all authors of the same and saeceeffing 

?eriod agree in ascribing the honor to Caxton ; and when, in 
642, a dispute arose between the Stationers* Company and 
certain persons who printed by virtue of a patent from the 
crown, concerning the validity of this patent, a committee 
was appointed, who heard evidence for and against the pa* 
titioners, and throughout the proceedings Caxton was ac- 
knowledged as incontestibly the first printer in En^and. 
Thus Caxton seemed to be established as the first Enj^ 
typographer, when, soon after the Restoration, a auarto vol- 
ume of forty-one leaves was discovered in the library at 
Cambridge, bearing the title of Expondo SaneU Jeromym 
in Symholum Apostolorum ad Papam Laurentiumj and at 
the end, ^^ Explicit Exposicio Sancti Jeronymi in Simbolo 
Apostolorum aa papam Laurentium, Oxonie JSt finita. Anno 
Domini M.cccc.LXvni. xvii. die decembris." Upon the pro- 
duction of this book the claim for priority of printing was set 
up for Oxford. In the year 1644 Richard Atkyns, who then 
enjoyed a patent from the crown, and whose claims conse- 
quently brought him into collision with the Stationers' Com- 
pany, and who was desirous of establishing the prerogative 
of tiio sovereign, published a thin quarto work, entitled The 
Original and Growth of Printing, collected out of the 
Sistory and the Records of the Kingdome; wherein u alio 
demonstrated that Printing appertaineth to the Prerogative 
Royal, and is a Flower of the Crown of England. The 
book was published ^^ by order and appointment of the Right 
Son, Mr. Secretary Morrice.^* In support of this propositiMi 
Atkyns asserted that he had received from an anonymous 
friend a copy of a manuscript discovered at Lambeth Pal- 
ace, amongst the archiepiscopal archives. The following is 
an abstract of this document : ^^ Thomas Bouchier, arch- 
bishop of Canterbury, earnestiy moved the king, Henry YI., 
to use all possible means to procure a printing mould, to 
which the king willingly assented, and appropriated to the 
undertaking the sum of 1500 merks, of which sum Boucluer 
contributed 800. Mr. Tumour, the king's master of the 
robes, was the person selected to manage the business ; and 
he, taking with him Mr. William Caxton, proceeded to Har- 
lem in Holland, where John Guthenberg had recentiy ish 
rented the art, and was himself personally at work ; their 
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design being to give a considerable sum to any person wbo 
should draw away one of Gathenberg's workmen. With 
some difficalty they sncceeded in purloining one of the under- 
workmen, Frederick Corsellis ; and it not being prudent to 
set him to work in London, he was sent under a guard to 
Oxford, and there closely watched until he had made good 
his promise of teaching the secrets of the art. Printing was 
therefore practiced in England before France, Italy, or Grer- 
many, which claims priority of Harlem itself, though it is 
known to be otherwise, that city gaining the art from the 
brother of one of the workmen, who had learned it at home 
of his brother, and afterward set up for himself at Mentz." 
The JExpoiieio is asserted by inference to be the work of 
Corsellis. That this document is a forgery may be safely 
assumed ; because of the more than unsatisfactory manner 
in which it is sud to have been . obtained ; because no one 
ever saw this copy ; because no one, except the unknown, 
ever saw the original, for it is not amongst the archives nor 
in the library of Lambeth Palace, nor was it when the Earl 
of Pembroke made diligent search for it in 17 — , nor was it 
found when the manuscripts, books, and muniments were 
moved into a new building ; because Caxton himself, who 
took so important a share in the alleged abduction of the 
workman, states that twelve years afterward he was dili- 
gently engaged in learning the art at Strasburg, and repeat- 
edly ascribes the invention to Gutenberg, ^^ at Mogunce in 
Almayne ;" because, when three years afterward the Sta- 
tioners' Company instituted legal proceedings against the 
Univerrity of Cambridge, to restrain them from printing, 
this document was rejected, as resting only on Atkyns's au- 
thority ; because Archbishop Parker, in his account of Bour- 
clucr, mentions the invention of printing at Mentz, but makes 
no claim for his having introduced it into England ; and 
Godwin, de Prcesulibus Angdice^ says that Bourchier, during 
his primacy of thirty-two years, did nothing remarkable, save 
giving 1202. for poor scholars, and some books to the univer- 
sity, and that he minutely examined two registers of his pro- 
ceedings during this term, without making any mention of 
his having found therein any record of so remarkable a trans- 
action ; because, since these transactions must have taken 
place before 1459, Henrj VI. was at that time Eltug^^m^ 
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fearfally for his throne and life, Edward lY. being crowned 
in that year ; from internal evidence of the document itself 
for, not to mention the weak evidence for the city of Harlem, 
it is quite certain that Gutenberg never printed there, and 
by Junius the theft is ascribed to John rHist, who oertoinlv 
was a rich goldsmith of Menti ; whereupon Meerman, finct- 
ing these stotements at variance with possibility, boldly in- 
vents another theory, making the sufferers Roster's grand- 
sons, who never printed, as &r as is known, and the robber 
CorseUis himself; and, lastly, because six years elapsed be- 
tween this asserted introduction and the publication of his 
Mcposieioy and eleven years between this and any other pub- 
lication from any Oxford press. Althourii these ftcta en- 
tirely confute the pretensions of CorseUis, were nevertheless 
remains the book itself, and unless some evidence can be pro- 
duced, Oxford will still maintain the distinction of having 
f)rinted the earliest book in England. Some of the most 
earned bibliographers entirely refuse their assent to the gen- 
uineness of the book. Middleton asserts that there must be 
an error of an x in the imprint, and produces many remark- 
able instances of similar typographical errors. This, how- 
ever, is mere assertion ; and, as in the Lambeth record, the 
best evidence is to bo sought in the production itself; ac- 
cordingly the work is printed with cast metal types, which 
are not proved to have been used by Koster at aJl, that art 
being invented by Gutenberg, Fust, and Schoeffer at May- 
ence. The letter is of very elegant cut, the pages regular, 
and the whole work has the appearance of having been exe- 
cuted at a considerably advanced era of the art. Another 
and a good argument is, that the work has signatures, or 
marks for the binder, at the foot of the page, which were not 
used on the Continent before 1472, by John Koelhoff at Co- 
logne. The evidence in favor of Caxton is direct and 
strons ; the date of the Oxford book is contradicted by in- 
ternal evidence, and discredited by the story set up in its 
support; there seems, therefore, no sufficient ground for 
withdrawing from Caxton the fame of being the introducer 
of printing mto England. 

William Caxton was bom about the year 1412, in the 
Weald of Kent. His father was a wealthy merchant, trad- 
lag in wooL He was brought up to the business of a mer- 
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eer, and condacted himself so mach to his master's satis- 
faction, that on his death he bequeathed him the then 
eonriderable sum of twenty marks. Cazton then proceeded, 
probably as the agent of the Mercers' Company, into the 
Low Countries. He must have been a man of some wealth 
and consideration, for in 1464 he and Richard Wethenhall 
were appointed by Edward lY . ^^ embassadors and special 
deputies" to continue and confirm a treaty of commerce 
between him and Philip, duke of Burgundy; and, upon the 
marriage of Edward's sister Margaret with Charles duke of 
Burgundy, he was appointed to the household retinue of the 
princess, by whom he appears to have been treated with 
much familiarity and confidence ; for at her instigation he 
first commenced his literary labors, and he mentions her as 
repeatedly commanding him to amend his Enelish. His first 
work was a translation of the Recuyell of Uie Sistoryes of 
Troyty which he afterward printed at Strasburg, when his 
leisure had allowed him to turn his attention to the study of 
printing. The first production of his press is allowed to be 
the French Recuyell above mentioned, his second the Oracion 
of John Mussell on Charles Duke of Burgundy being creat- 
ed a Knight of the Garter ^ which took place in 1469. Of 
his transactions between 1471 and 1474 there is no record ; 
probably he was engaged in the diligent pursuit of the art, 
and preparing to transfer his materifds to England, which he 
accomplished some time before 1477, when we find him print- 
ing in or near the Abbey of Westminster, of which Thomas 
Milling, bishop of Hereford, was at that time abbot. The 
first production of his English press was the Game of Chess j 
bearing date 1474, which work, however, some assert to 
have been printed by him at Coloc;ne. His next production 
was the Boke of the hoole lyf of Jason; but his first book 
bearing date and place in the colophon is ih^Dictes and Say- 
iffg9 of PhilosophreSj a translation from the French by the 
gallant Earl Rivers, " at Westmestre, the yere of our lord 
M.cccc.lxxvij." From this time he continued both to print 
and translate with great spirit. His " capital work " was a 
Book of the noble History es of Kyng Arthur y in 1485, the 
most beautiful production of his press. 

There is but one copy of any of Caxton's works printed 
upon vellum ; it is the Doctrinal ofSapyence, " TtwiA^^ft^ 
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out of Frensshe in to Englysshe hj w jlljam Cazton at Weit- 
mestre. Fjnjshed the yij day of May the yera of our lord 
M.ccco.Ixxix. CaxtoD me fieri fecit." This amqae eopy is 
in the library at Windsor, and it is in beantifol preaetratioD. 
It is moreover doubly unique, for it contains an additkmal 
chapter, to be found m no other copy whatcTer, and which 
is entitled ^^ Of the negligencies happenbg in the Masse and 
of the Remedies. Cap. Izuij." It is a curious treatise of 
minute omissions and commissions likely to occur in tlie ser- 
vice of mass, with directions how to remedy such evils. Of 
their importance here are two specimens, *^ If by any neg- 
ligence fyl (fall) any of the blooa of the Sacrament on the 
earparui^ or upon any of the vestments, then ought to cut 
off the piece on which it is fallen, and ought well to be wash- 
en, and that piece to be kept with the other relics." '* And 
if the body of Jesu Christ, or any piece, fall upon the pal^ 
of the altar, or upon any of the vestments that ben blessed, 
the piece ought not to be cut off on which it is fallen, but it 
ought right well to be washen, and the washing to be given 
to the ministers for to drink, or else drink it himself." This 
singular treatise finishes with this grave confession, ^* This 
chapitre to fore I durst not sett in the booke, by cause it is 
not convenient ne appertaining that every lay man should 
know it et cetera." 

The Royal Library possesses another work of Caxton, 
which, as a perfect copv, is also unique. This is the ^' Sub- 
tyl Historyes and Fables of Esope. Translated out of 
Frenshe in to Englyshe by Wyllyam Caxton at Westmynstre 
In the yere of our lord M cccc Ixxxiij Emprynted by the 
same the xxvj daye of Marche the yere of our lorde 
MCCGClxxxiiij And the fyrste yere of the regno of kyng 
Ryeharde the thyrde." It consists of 142 leaves. Each 
fable is illustrated by a rude wood-cut, all of which are said 
to have been executed abroad, where similar editions of iESsop 
were frequently printed. They are, however, most probably 
copied ; for there is nothing either in their design or execu- 
tion that a most moderate artist might not perform ; and this 
will equally apply to other wood-cuts interspersed in Caxton's 
works. 

It has been said that the works of Caxton have been 
eagerly sought for by English bibliomaniacs. The most re- 
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mailuible instances of this are the enormoas prices given 
for some of diem at the sale of the Duke of Roxburghe's 
library before mentioned. The Chattysing of OocTi Chil- 
dren was knocked down to Earl Spencer for 1462. The 
SeMiiana Papers were bought for the Society of Lincoln's 
Inn for 8782. The Duke of Devonshire gave 8512. IBs. for 
The Mxmmr of the Worlds and 1802. for the Kaleniayr of 
the Skypperu. Gower's Cof\fessio Amantis produced 8662.; 
The Boke of Ch^alry, 8862. The Recuyell of the Bistoryes 
of Troye gave nse to a startling contest. It was the identi- 
cal copy presented by Caxton to Elizabeth Grey, queen of 
Edward lY . and sister of his patroness. ^^ Sir Mark Sykes 
vigorously pushed on his courser till five hundred guineas 
were bidden ; he then reined in the animal, and turned him 

Sently on one side ^ toward the green sward.' More hun- 
reds are offered for the beautiful Elizabeth Grey's own 
copy. The hammer vibrates at nine hundred guineas. The 
sword of the marquess is in motion, and he makes another 
thrust — ^ One thousand pounds.' ^ Let them be gumeas,' 
sud Mr. Bidgway, and guineas they were. The marquess 
now recedes. He is determined upon a retreat; another 
such victory as the one he has just gained (the Valdarfar 
Boccaccio) must be destruction ; and Mr. Ridgway bears 
aloft the beauteous prize in question." (Dibdin.) At Mr. 
Willett's sale TuMiue of Old Age produced 2102., and be- 
came the property of the Duke of Devonshire. 

Caxton must have been a man of wonderful perseverance 
and erudition, cultivated and enlarged by an extensive knowl- 
edge of books and the world. Of his industry and devoted- 
ness some idea may be formed, when Wynkyn do Worde, 
his successor, states, in his colophon to the VitcB Patruniy 
that Caxton finished his translation of that work from French 
into English on the last day of his life. He died in 1491, 
being about fourscore years of age. His epitaph has been 
thus written by some friend unknown : " Of your charite 
pray for the soul of Mayster Willyam Caxton, that; in hys 
tyme was a man of moche ornate and mocbe renommed wys- 
dome and connynge, and decesed full crystenly the yere of 
our Lord mcccclxxxxi. 

Modcr of Mcrci sbyld him from tborribul fynd, 
And bryng hym to lyff eternal that neuer hath ynd." 
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The type used hj Caxton is in demgn yeiy inferior to that 
used upon the Continent even earUer than hie period ;. hut 
in the latter part of his life he yerj materially improved lus 
fonts, and some of his later productions are verj elenatlj 
cut. The design is peculiar to him, and is said to oe in 
imitation of his own handwriting ; it bears, howeyer, some 
resemblance to the types of Ulric Zell, from whom Caxfam 
derived most of his instruction, and ia something between 
Secretary and Gothic. Ho appears to have had two fonts 
of JSnghshj three fonts of Cheat Primer^ one Double Piea^ 
and one Lang Primer^ He used very few ornamented 
initial letters, and those he did employ are very inferior in 
elegance to those of foreign printers. He preferred insert- 
ing a small capital letter withm a large space, and leaving 
the interval to be filled up according to the tasto of the 
illuminator, owing to which many excellent performances are 
destitute of these beautiful ornaments. Gaston's ink was 
not remarkable for depth of color or richness ; his paper was 
excellent ; and he probably used presses of the same con- 
struction as the continental printers. His works are not very 
rare, but are highly prized by English collectors. Copies of 
one or more of his works are to be found in most collections 
of any pretension, and are well worthy of inspection. The 
number of his productions is sixty-two. Although Caxton 
was the first English printer, he was not the only one of his 
day, Wynkyn de Worde, Lettou and Machlinia, Hunte, 
Pyuson, the Oxford printer whoever ho may have been, and 
he of St. Alban's, being his cotemporaries. 

Wynkyn db Worde came, as we have already seen, 
from Germany with Caxton, and remained with him in the 
superintendence of his office until the day of his death, when 
he succeeded to the business. He was a native of Lorraine, 
and evidently a man of considerable information and taste, 
and of great spirit in the conduct of his affairs. After his 
succession to Caxton's business, he carried on in the same 
premises for about six years, when he removed to the ^^ Sygn 
of the Sonne in flete strete, against the condyth." De 
Worde appears to have immediately commenced a completo 
renovation of the art, cutting many new fonts of all sizes, 

* Thefle arc terms bj which modern printers distlDguish the sizes of their 
type. 
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iiiUi Irait improrement of the dedgn and proportion ; he 
moreoTer provided his cotemporaries, then becoming very 
nnmeroiis^ with type ; and it is even siud that some of the 
letter naed by the Bnglish printers lees than a century ago 
are from hn matrioes, nay, that the ponches are still in exist- 
ence. He was the first (or Pynson) to introduce Roman 
letters into En^and, which he made use of amongst his 
€k>tfaic to &tingnish any thmg remarkable, in the same man- 
ner as Italie is used in the present day. His works amount 
to the extraordinary number of four hundred and eight. 
^ His books are, in general, distingmshed by neatness and 
elegance, and are always free from professed immorality. 
The printer has liberally ayaDed himself of such ud as codd 
be procured from the sister art of engraving ; although it 
most be confessed tfiat by fiur the greater, if not the whole, 
number of wood-engramg^ at this period are of foreign exe- 
cution ; nor is it without a smile that the typographical anti- 
quary discovers the same cut introduced into works of a 
directiy opposite nature." 

In his Instrueti&nfar Pilgrim$ to the Holy Land, printed 
in 1628, the text of which is in Roman, and the marginal 
notes in ItaUcs, he makes the first use in England of Greek, 
which is in movable type, of Arabic and Hebrew, which are 
cut in wood ; and the author complains that he is obliged to 
omit a third part, because the printer had no Hebrew types. 
Appended to the work are three Latin epistles, in which he 
maxes use of Arabic. 

His works are, of course, not so rare as those of his pre- 
decessor, but are nevertheless much sought after ; and, when 
■old by tiie side of the Caxtons at the Duke of Roxburghe's 
sale, produced large prices. Barthohmanu de Proprieta- 
tibuM Berum, the first book printed on paper made in Eng- 
land, was bought by the Duke of Devonshire for 70^ 7«. 
Chaucer's Troylui and CrtMeide, 48/.; Hawys's Exemple of 
VertUj 601. ; PaBsetyme of Pleoiure, 81Z. ; Castell of 
Pleasure, 611.; The Jdoste Pyteful ffystorye of the Noble 
Amolyon, Kynge of Thyre, 110/. 

^e Worde died about the year 1534. In bis will, still in 
the Prerogative Office, dated 5th June, 1584, he bequeaths 
many legacies of books to his friends and servants, ^ith 
minute directions for payment of small creditors and for- 
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giveneas of debtora, betokenbg a oonscientioos uid kindlr 
dbposition. His device is generally that of Cazton, with 
his own name added to the bottom ; but he also used a maeh 
more complicated one, connsting of fleurs-de-lis, lions pas- 
sant, portcullis, harts, roses, and other emblazonments of the 
later Plantagenets and the Tudors. 

John Lkrcou and Williah Machlikia printed separately 
and jointly before the death of Gaxton, but were yerj inferi- 
or to him in every respect ; their type being most especially 
barbarous. Their works are not yery numerous, and are 
principally upon legal subjects ; they printed the first edition 
of Lyttleton's Tenures. 

BiCHABD Pyxsox wss a Norman by burth, and studied 
the art of printing under his ^* worshipful master William 
Gaxton." It would seem that he was an earlier printer than 
Wynkyn de Worde, having established an office before the 
death of Caxton. His first work is of date 1498, and was 
printed ^^ at the Temple-har of London.^^ He enjoyed high 
patronage, and was appointed bv Henry YII. to be his 
printer before 1503. He is perhaps inferior to De Worde 
as a typographer, his first types being extremely rude. He 
afterward used a font of De Worde's, and another peculiar 
to himself in this country, probably imported from France. 
Some of his larger works, Fabian's Chronicle, Lord Bemer's 
translation of Froissart (which are the first editions of these 
important additions to English literature), and some of his 
law-works, are very fine specimens of the art. His device 
was a curious compound of R and P, on a shield which is 
sometimes supported by two naked figures. 

BiCHARD Grafton claims especial notice. He was by 
trade a grocer, although of good family. Of his education 
nothing appears ; but he was one of the most voluminous au- 
thors of his time, having, by his own account, written a con- 
siderable portion of Hall's Chronicles, an Abridgment of 
the Chronicles of England, and a Manual of the same, a 
Chronicle at Large, and other books of historical character, 
under what circumstances is not known. In 1587 Grafton 
published Thomas Mathew's translation of the Bible, which 
was printed abroad, but where is not satisfactorily ascertained ; 
and in 1588 the Testament translated by Miles Coverdale, 
which was printed at Paris by Francis Kegnault. At this 
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time it would not appear that Eogliah printera were in high 
estimation ; for Lora Cromwell, desirous of having the Bible 
in the English langoage, thought it necessary to procure 
from Henry YIII. letters to the king of France for license 
to print it at Paris, and urged Bonner to tender his earnest 
assistance. Bonner entered upon the undertaking with such 
leal, that in recompense he was soon afterward appointed 
to the bisho[Mic of Hereford. Miles Coverdale had charge 
of the correctness (see his letter, Gent.'s Mag. 1791), and 
Bichard Ghrafton and Edward Whitchurch were the proprie- 
toTM ; but under what arrangement does not appear. W hen 
the work was on the point of completion, the Inquisitors of 
the Faith interfered, seized the sheets, and Grafton, Whit- 
church, and Coverdale were compelled to make precipitate 
flight. The avarice of the lieutenant-criminal inducea him 
to sell the sheets for waste paper instead of destroying them, 
and they were in part repurchased. Under the protec- 
tion of Cromwell tiiey next, after many difficulties, ob- 
tained their types and other materials from Paris, and the 
Bible was completed at London in 1589. ^^ Thus they be- 
came printers themselves, which before this affair they never 
intended." The edition consisted of 2500 copies. Crom- 
well next procured for them a privilege (not an exclusive 
one, however) for printing the Scriptures for five years. 
Very shortly after ^e deadi of Lord Cromwell, Grafton was 
imprisoned for printing Mathew's Bible and the Great Bible, 
his former friend Bonner much exaggerating the case against 
him. The prosecution, however, was not followed up ; but 
in a short time he was, with Whitchurch, appointed printer to 
Prince Edward, with special patents for printing all church- 
service books and primers. The document is curious. It 
recites that such ^^ bookes had been prynted by strangiers in 
other and strange countreys, partely to the great losse and 
hynderance of our subjects, who both have the sufficient arte, 
feate and treade of prynting, and partely to the setting 
forthe the bysshopp of Rome's usurped auctoritie, and ke- 
ping the same in contynuall memorye ;" and that, therefore, 
of his ^^ grace especidl, he had granted and geven the priv- 
ilege to our wel-biloved subjects Richard Grafton and Ed- 
ward Whitchurch, citezeins of London," exclusive liberty to 
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print all sncb books for seven years, upon pain of forfeiture 
of all such books printed elsewbere. 

One Bicbard Grafton, supposed to be the above, was mem- 
ber of parliament for the city of London in 1668-64, and 
also in 1566-57, and in 1662 was member for Coventry. 
He is supposed to have died about 1672, and not in very 
affluent circumstances. He used a punning, or, as the her- 
alds would call it, a canting dence, of a youns tree or ^ro/k 
growing out of a tun. Wa works are distinguished for thor 
beauty, and are verv numerous and costiy. He was one of 
the most careful and meritorious of English printers. 

These are the titles of a few of his early JSibles, etc. 

The B^ble, 1687, foUo. '' The Byt>le, which is all the 
holy Scnpture: In whych are contayned the Olde and 
Newe Testament truly and purely translated into Eng^ysh 
by Thomas Mathew. Esaye 1 tSf* Hearcken to ye heauens, 
and thou earth geaue eare: For the Lorde speaketh. 
M.D.xxxyn." The titie of the New Testament is, ^^ The 
newe Testament of our sauyor Jesu Christ, newlv and dyly- 
gently translated into Englyshe, with Annotacions in the 
Mergent to help the Reader to the vnderstandyng of the 
Texte." This was printed in France. 

The New Testament, Latin and English. 1538. Octavo. 
^^ The new testament both in Latin and English after the 
vulgare texte ; which is red in the churche. Translated and 
corrected by Myles Couerdale : and prynted in Paris, by 
Fraunces Begnault. M. ccccc. xxxvni in Nouembre. 
Prynted for Richard Grafton and Edward Whitchurch, cyt- 
ezens of London. Cum gratia k priuilegio regis." 

The Byble in Englysshe. 1539. Folio. " The Byble 
in Englyshe, that is to saye the content of all the holy Scryp- 
ture, bothe of y* olde, and newe testament, truly translated 
after the very te of the Hebnie and Greke textes, by y* dylv- 
gent study e of dyuerse excellent learned men, expert in the 
forsayde tongues. Prynted hy Rychard QrafUm^ and Ed- 
ward Whitchurclie. Cum priuilegio — solum. 1539." This 
is a very superb book, and is the one which was commenced 
at Paris and finished at London under the circumstances be- 
fore related. 

NswE Testament in Engltsshb. 1540. Quarto. 
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^^ Translated after the teste of Master Erasmus of Botero- 
dame." 

The Prtmer. English and Latin. 1540. Octavo. 

Ths Byblb in Engltshe. 1540. Folio. A noble 
Tolame, called, from the preface, Granmer's Bjble. 

Thb Btblb in Enqlyshb. 1541. Folio. <^The By- 
ble in Englyshe of the largest and greatest volume, aucto- 
rised and appojnted by the commaundement of cure moost 
redoubted prynce and soueraygne Lorde, Evnge Hennre the 
YIII, supreme head of this bis churche and realme of Eng- 
lande : to be frequented and vsed in euery Churche within 
this his sayd realme, accordvng to the tenoure of hys former 
Jniunctions geuen in that behalfe. Ouersene and perused at 
the comaundement of the kynges hyghnes, by the ryght reu- 
erend fathers in God Guthbert byshop of Duresme, and 
Nicholas, bisshop of Bochester." The lines of the title are 
printed alternately Ired and black. 

Such, with many other manuals, primers, etc., were the 
productions of this most eminent British typographer. 

The first complete edition of Shakspeare's plays was 
printed by Isaac J aggard and Edward Blount, in folio, in 
1628. Of his single plays, the earliest is ^^ The first part 
of the Contention betwixt the two famous Houses of Yorke 
and Lancaster," which was printed by ^' Thomas Creed for 
Thomas Millington, and are to be sold at his shop, under 
Saint Peter's Church, Cornwall" (Cornhill), in 1594. 
These plays were printed by various typographers, amongst 
whom appear the names of George Eld, Valentine Simmes, 
B. Young, John Bobson, and others who only give their ini- 
tials. 

The first edition of AGlton's Paradise Lost was printed in 
quarto bv Peter Parker in the year 1667 ; the Paradise 
Begainea in 1671. 

During the troublesome times that preceded the great re- 
bellion, the Puritans, jealously watched and persecuted, 
introduced the anomaly of ambulatory presses, which were 
constantly removed from town to town to escape the vigilance 
of the Star Chamber. At these presses many of Milton's 
controversial pamphlets were printed; and it is even said that 
the identical press at which the Areopagitica was printed is 
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still in existence, and was lately in fhe powewion of Ifr. 
Yalpji the well-known printer of the Yarioram Glainos. 

It is a very pleasing reflection, that the earlier^practitioii- 
ers of the art did, bj their nniform good character and ralig- 
ions tnm, tend much to render their profemon prodnctife of 
a highly moral class of literature, ana to raise it in the esti- 
mation of all men. Had they been less respectable, had 
they tamed their attention to the many ribald and tasteless 
writings of those times, the effect ef the new art wooU have 
been to degrade literatare and lower morals, to delay the 
spread of knowled^, and to ^ve a depression to the charae- 
ter of the art and its practitioners, from which possibly they 
might never have recovered. These excellent and learned 
men appear to have received their temporal reward, in pablio 
estimation, saflScient wealth, and a length of years b^ond 
the ordinary term of mortality. 

Setting aside the clum of Corsellis, printmg wai first 
practiced at Oxford hj Theoderic Hood and Thomas Hnnte 
from 1480 to 1485. In Bymer, vol. xv. is a grant by Queen 
Elizabeth to Thomas Cooper, clerk of Oxford, for the exclu- 
sive printing of his Latin Dictionary. In 1585 a printing- 
press was established at the expense of the Earl of Leicester, 
chancellor of the university. Joseph Barnes was appointed 
printer to the university in 1585. 

At Gahbridqe John Siberch printed in 1521, when Eras- 
mus resided there, and probably executed some of his books. 
Thomas Thomas, M.A., was the printer to the umvernty m 
1584. 

At Sr. Alban's printing was very early practiced, certainly 
in the year 1480. It would appear that the printer was a 
schoolmaster. It has been asserted, but without shadow of 
argument, that printing was introduced here many years be- 
fore Caxton. 

Printing was not introduced into Scotland till thirty years 
after Caxton had set up his press at Westminster. Under 
the patronage of James lY ., who was a zealous encourager 
of leammg and the useful arts, Walter Chepman and An dro 
Myllar established the first printing-press at EdUnburgh, as 
appears by a royal privilege granted to them in 1507.* 

* "James, &c. To al and lindij oar ofBciaris legiB and subdittiB qnham 
h efferla, qu^ais knawlage thir onn leUrea wiV^TnatS^iiii^^ WU ye that 
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The odIjt publicationB known to have issued from the press 
of Mjllar and Chepman are a collection of pamphlets, chiefly 
metrical Romances and ballads, in 1508, of which an imper- 
fect copy 18 preserved in the Advocates' Library ;* and the 
Scottish Service Book, including the Legends of the Scot- 
tish Saints, commonly called the Breviary of Aberdeen, in 

1509.t 

It is diflBcolt to account for the discontinuance of printing 
in Scotland for about twenty years after this time ; probably 
the disastrous events at the close of the reign of James lY. 
may have contributed to render it an unprofitable trade ; but 
in its revival by Davidson there was no deterioration, either 
in the magnitude and importance of the works attempted, or 
in the mode in which the mechanical part was executed. It 
was probably about the year 1536 that he printed, in 'a black- 
letter folio, ^^ The History and Croniklis of Scotland, compilet 
and newly correkit be the Reuerend and Noble Gierke Mais- 
ter Hector Boece. Translatit laitly be Maister Johne Bel- 
lenden. Imprentit in Edinburgh be Thomas Davidson, dwell- 
ing foment the Frere Wynd ;" and in 1540 he printed the 
whole works of Sir David Lindsay. 

Davidson was succeeded by Lekprevik, Vautrollicr, and 
others ; but none were distinguished as printers till the time 
of Ruddiman. 

fonamckill as our lovitUs servitonris Walter Chepman and Andro Millar, 
bargcMia of our burgh of Edinburgh, has at our instance and request, for 
oor pleeour, the honour and proflltof uur Realme and lieges, takin on ihame 
to famis anid bring hame ane prent, with all stuff belangand tharto, and 
expert men to use the samyne, for imprenting within our Realme of the 
bukis of our Lawls, actis of parliament, croniclis, mess bukis, and portuus 
efler the use of our Realme, with addicions and legendis of Scottift Sanctis, 
now gaderit to be ekit tharto, and al uthcris bukis that salbe sene ncccssar, 
and to sel the sammyn for competent pricis, be our avis and dlscrccioun 
thair labouris and expens being considerit,'' etc. 

** Geven under our priv Sel at Edinburgh the xv day of September, and 
of our Regne the xx** yer." 

• These pamphlets were reprinted in a handsome quarto volume, edited 
by Mr. David Laing. The preface contains much accurate information 
regarding early printing in Scotland. 

t Of this Service Book, which forms two volumes octavo, handpomeljr 
printed with red and black letter, in the years 1509 and 1510, a beauti- 
ful copy is preserved in the Uuiversity Library of Edinburgh. As the 
name and device of Walter Chepman occur in the work, without any men- 
tion being made of his partner, we are led to the conclusion that Andro 
Myllar, if then alive, had relinquished his share in the concern. 
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A mere catalogue of printers would afford little amuse- 
ment and less instruction ; especially since the productions 
of the English press, save in the worKs of the printers above 
named, not only exhibited no advance, but even much deteri- 
oration, in most requisites of good printing. Indeed, to so 
low a point had the art fallen, and so little spirit was exhibited 
by English typographers, that the regeneration was left to 
an alien, whose perception of the infenoritr and capacity of 
improvement at once raised the art to the level of the finest 
productions of Bodoni and Barbou. 

This was John Baskervillb, a japanner of Birmingham, 
who, having realized a considerable fortune, turned his at- 
tention to cutting punches for type, and succeeded in pro- 
ducing a series of fonts of remarkable beauty, so excellently 
proportioned, and standing so well, that the best of modem 
type-founders (and this seems the Augustan age of type- 
founding) have done no more than vary the proportions and 
refine the more delicate lines and strokes. Added to this, 
his press-work is of most excellent quality ; his paper the 
choicest that could be procured ; and his ink has a richness 
of tone, the mode of producing which has died with him. 
The works of Baskerville are amongst the choicest that can 
adorn a library. He died in 1775. His types and punches 
were purchased to print the splendid edition of Voltaire's 
works at Paris. He was worthily succeeded by Bulmer, 
whose magnificent Shakspcare and Milton are amongst the 
most superb books ever issued from the press, and, with 
Macklin's Bible and Ritchie's, Bensly's Hume, and other 
works, may bo fearlessly produced to win for this country the 
palm of fine printing ; whilst in Scotland, Thomas Ruddihan 
and the two FouLis may challenge the prize of classical ty- 
pography from Aldus and the Stephani. Indeed, the larger 
Greek types of the Foulis are without parallel for grandeur, 
their press-work is beautiful, and their correctness beyond 
all praise. 

Modem printers, with all their faults, are not degenerate 
successors of these worthies. The works from present offices 
that make pretensions to fine printing need not be ashamed 
of comparison with these chefi-dCceuvres: whilst, from the vast 
improvements in the mechanism of the art in all its branches, 
paper, presacBy ink, type, and other adjuncts, the average of 
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the printing of the present day is infinitely superior to that of 
the last century. But in what relates to practical skill, cor- 
rectness, taste, and diligence, we cannot hope to excel, though 
we may perhaps equal, these departed masters. 

PRACTICAL PRINTING. 

The first operation when the new font* has entered the 
doors of the printing-office, is to lay it in the cases (fig. 1), 
These are always in pairs ; the upper case being divided into 
equal spaces or boxes; the part on the left of the broader di- 
vision being appropriated to CAPITAL letters, figures, di- 
aeresis vowels, particular sorts^ etc. ; that on the right to 
SMALL CAPITALS, accented letters, and references. The let- 
ters and figures are arranged in alphabetical and numerical 
order, from left to right. The lower case is divided into un- 
equal portions, according to the average occurrence of the 
particular letters ; for the compositor (the workman whose 
duty it is to lay the font, and afterward to place together or 
compose the separate types into words) never looks at the face 
of the letter he picks up, but unhesitatingly plunges his 
fingers into any box, being sure that the letter he picks out 
thence is the one to which that box is appropriated, and con- 
sequently the one he requires. As there is no external 
mark or guide attached to the different boxes to denote the 
letters they contain, a stranger is not a little surprised and 
puzzled at the eccentric movements of the workman's hand. 
Accordingly, it will be observed, upon looking at fig. 1, that 
the letter e has a box one-half larger than c, d, m, n, h, u, 
t, i, 8, 0, a, r; and these are twice the size of b, 1, v, k, f, 
gj y> Pj w? or the comma ; and four times the size of z, x, j, 
q, or the [] crotchets, full points, etc. These boxes are not 
arranged in alphabetical order, but those of most frequent 
occurrence are placed about the middle of the case to dimin- 
ish the distance the hands of the compositor have to travel 
in picking up and receiving the types. There are also other 
pairs of cases similarly arranged for the italic letters. The 

* A font 18 anj weight of type of the game bodj and face, consisting 
of every letter, stop, figure, etc., in certain proportions, as stated on page 66, 
together with spaces and quadrats. 

5 
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following are the proportions of some of the letters in a font 
of pica* of 800 lbs. weight : 

Capitals, f^om 400 to 600 of each, bat of J 80, and Q, X and Z, 180. 
Small capitals, from 150 to 300 of each, exoepting j, q, x and z, which, as 
in the capitals, are rcdaccd in number. 



a 8,500 


b 1,600 


j 400 


z 200 


c 12,000 


c 3,000 


k 800 


& 200 


i 8,000 


d 4,000 


m 3,000 


, 4^00 


8,000 


f 2,600 


n 8,000 


. 2,000 


a 3,400 


h 6,400 


q 500 





In a whole font there are about 150,000 letters, spaces, 
and figures. 

The compositor, having placed his copy upon a part of the 
upper case little used, and having received the necessary di- 
rections, takes up an instrument called a eomporing-^tieh 
(fig. 2), (which, as well as the way of holding it and its use, 
will be better understood by reference to the drawing than 
by description), and sliding the inner movable portion wider 
or closer according to the desired width of the page, he fast- 
ens it with a screw ; he then cuts a piece of brass rule to fit 
in easily between the end of the stick and slide, and which is 
called the Betting-rule^ This rule causes the letters to slip 
down without any obstruction from the screw-holes of the 
stick, or the nicks which serve to distinguish one font from 
another and enable the compositor, by turning them out- 
outward, to place the letters in their proper position. He 
then reads the first few words of his copy, takes first a capi- 
tal letter from the upper case, the succeeding letters from the 
lower case, and at the conclusion of the word a %pace^ which 
is merely the shank of a letter without any face, and not so 
high as a letter by about one-fourth part ; and therefore, not 
receiving the ink, forms the blank space between words; but 
sometimes, through carelessness, it is allowed to stand up, in 
which case it is a fearful blotch upon a fair page, and must 
have been observed by most readers. He then proceeds with 
his next word, which will probably consist of lower case 
letters only ; and so on until he has arrived at the end of his 
line. It is most likely, however, that the words he has oc- 
casion to compose, with the necessary spaces, will not fill up 

* This is pica. 
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the ezftct widA of the line, and that there will be sometimes 
too mach, sometimes too little room, for getting in the whole 
or part of the next word. In this case he has to consider 
whether it will be better to crowd the line and get in the 
word or sellable, or make the line more open and take it over 
to the next line ; his care being that his matter, when com- 
posed, shall not look too open or too close. Having decided, 
be takes out the spaces he has inserted, and puts in their 
stead others of greater or less width, as the case may require, 
in such a manner that on the face of the line being touched, 
it shall not feel loose, or require any particular pressure to 
force down the last letter into its proper place. This being 
accomplished in an artist-like manner, he takes out his setting- 
rule and places it in front of his line, and with a gentle press- 
ure of his thumb forces both back into the composing-stick ; 
he then proceeds in a similar manner with other lines until 
his stick is full, when, placing it upon 9k frame on which the 
cases rest, his setting-rule being in front, ho lifls his lines out 
of the stick and places them upon a proper instrument called 
a gaUey. If, however, the matter is to be leaded^ that is, if the 
lines of types are to be more apart than usual, the process 
is a little different. The compositor then has before him a 
quantity of pieces of metal called leadsy of the exact width 
of the page, only one-fourth, one-sixth, or one-eighth of the 
body of the type, and not higher than spaces. After com- 
posing a line, before moving his setting-rule, he takes one or 
more of these and places it before the line ; he then takes 
out the setting-rule, and proceeds as above described. Hav- 
ing thus gone on until a considerable quantity of matter is 
composed, the compositor next makes it up into pages, and 
then into sheets. First, taking by portions as many lines of 
his matter as are to be contained in a page, he adds thereto 
at the bottom aline of quadrats, which are of the same height 
as spaces but much larger, varying in length from one to four 
m's, and places at the top the folio of the page and the run- 
ning head or line which indicates the title of the work or the 
subject of the page or chapter, and then adds such leads or 
other things as may bo necessary ; taking care that in the first 
page he places the signature (a letter of the alphabet intended 
for a guide to the binder, because by keeping this always out- 
side, and the second signature on the next leaf, he cannot fold 
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fhe sheet wrong). He next ties it tightly round irith ptge- 
oordy and places it upon a piece of coarse paper. Having 
made np as many pages as the sheet condsts of, vii., font i 
folio, eight if 4to, sixteen if 8yo, he next lays them down 
upon the imponng-tahle^ (a large plate of iron screwed on 
to a frame) m the necessary order. This is, to a straneer, a 
yery curioos arrangement; they appear to him to be paced 
at random, without any deugn or nxed rule, and as they are 
necessarily laid down in two divisions, one for each side of the 
sheet, one is of consequence the very reverse of the other. 
He may easily instruct himself, however : for if he take a 
sheet of paper and fold it into any required size, marking the 
folios with a pencil, and then open it without cutting, he wiU 
find they fall in curious irregularity. The pages are lud down 
on the table reverse of the order they have on the paper; for 
it must be remembered that every type and every page is like 
a seal, the reverse of the impression it leaves ; consequentiy, 
were the pages laid down as on the marked paper, viz., the 
first page on the right hand, it would, in type, be at the ex- 
treme left, and so on. The schemes (figs. 3 and 4) of the 
laying down or imposition of formSy wiU give some idea of 
the apparent confusion of this process. 

The pages being correctly laid down upon the imposing- 
table, the compositor removes the papers from under them, 
and next takes in both hands a chase (a frame of iron divided 
by cross-bars into four compartments, the inner angles of 
which are made rectangular with much care) and places it 
over them ; and then having ascertained the size of the paper 
to be used, adjusts pieces of wood or metal, called /umt^ur^, 
between them. Within the chase, but next to the pages, he 
places other pieces of wood or iron called side znifoot sticks j 
which are rather wider at one end than the other, and between 
these and the chase small pieces of wood, which decrease in 
width in the same proportion as the side-stick, and which are 
called quoins. He now takes off the cords from the pages, 
and, as he removes each cord, he tightens the adjacent 

* A large slab of marble or stone is used for this purpose ; but it is liable 
to split, and to have its smooth surface indented. A plate of iron tamed 
into a lathe is now very generally substituted in England, but the marbk 
is commonly in use in America. 
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quoins that the letters at the sides of the pages may not slip 
down. When all the pages are untied, and the quoins 
pushed up with his finger and thumb, he planes down the 
pages gently with a planer (a piece of beech perfectly plane 
and smooth on the face, about 9 inches long, 4i inches wide, 
and 2 inches thick), to prevent any of the letters from stand- 
ing up. With a shooting-atick (which formidably-named 
weapon is merely a piece of hard wood,* a foot in length, an 
inch and a half in width, and half an inch in thickness) and 
a mallet he forces the quoins toward the thicker ends of the 
nde and foot sticks, which consequently act as gradual and 
most powerful wedges, forcing the separate pieces of type to 
become a compact and almost united body, so that, the pages 
being securely locked up and again planed down, the whole 
mass, consisting of many thousand letters, may be lifted en- 
tire from the table. This united mass is called a/orm; 
that one which contains the first page being called the outer 
form^ the other the inner (fig. 5). 

The compositor is paid by the number of thousands of 
letters ho composes, which is thus ascertained : The letter 
m, being on a shank which is supposed to have its four sides 
parallel and equal, is taken as the standard ; he ascertains 
bow many m's the page is in length, including the running 
head and the white line at the bottom ; that is, in fact, how 
many lines of the particular type used there would be in a 
page of the given size, supposing it were all solid type ; next, 
how many m's (laid on their side) it is in width, that is, 
how many times the letter m would be repeated in a line of 
the given length were it to consist of nothing but m's so laid. 
This latter sum is then doubled, because experience shows 
that the average width of the letters is one-half of the depth, 
or one-half of that of the letter m. The length of the page 
is then multiplied by the product of this doubled width, then 
by the number of pages in the sheet, and the result will give 
the average number of letters in the sheet. This will be 
much better understood by the following casting-up of a 
sheet of 8vo in pica : 

• Iron or gun-metal is now generally substituted, as being more durable. 
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Namber of m's long 47 

m's wide, 24XS 48 

876 
188 



Namber of pftgw in a ifaaet of 8to 18 

1S5S8 



The compositor therefore is paid for compoeing 86,000 let- 
ters ; for the odd figures are dropped, unless they amount 
to or exceed 500, when thej are paid for as if uey com- 
pleted another 1000. If the sheet be of solid tjpe, of the 
ordinary size, the price pud in London is rizpenoe per 1000 
letters; if in the small type called •numon, uxpenee fiuv 
thing; in nonpareil,* seyenpence; in pearl, eightpence. If 
the work bo composed from print copy, the price is three 
farthings per 1000 less than it would be paid if the copy 
were manuscript. If, however, the type be leaded, Uie 
price is a farthing per 1000 less for fonts above pearl. K 
the work is to be stereotyped, and high spaces are used, it 
is subject to an additional charge of a farthing per 1000 ; if 
low spaces, of a half-penny per 1000. Works in foreign lan- 
guages, in type of the ordinary size and character, are paid 
one half-penny per 1000 more, and three farthings per 1000 
more in the smaller. Greek, with leads and without accents, 
eightpence three farthings ; with accents, tenpence farthing, 
is eightpence half-penny per 1000 ; without leads or accents, 
Hebrew, Arabic, Syriac, etc., are paid doublet The com- 

* Tbia la nonpareil. 

t In 1804« after a protracted litigation before the Court of Scmion, tbe 
Journeymen compositon of Edinburgh miccecded in obtaining the Banction 
of the Court for an advance of one penny per thousand Icttcni, or, upon on 
average, about one-fourth on the prices of their worlc. The grounds upon 
which tlic Court rested this dt^cisioii were, that the wages were much too 
low ; that they had remained for forty years unaltered, whilst the price of 
the necessaries of life had very much increased ; and altliough it was proper 
to avoid a rise of wages which might lead to idleness, yet it was equally 
necessary to place the workmen upon a respectable footing, so as to enable 
them to do tlieir work prop>.Tly, and also to encourage them in cultivating 
and ac(iuiring that degree of literature by which the public must infallibly 
be bcnnQted ; and that the fair criterion was, to make the wages of Edin- 
ifoi^b betur tbe same proportiou to those ot \iOii<QLO\i'^Yi\fi\i\i^<^^ did in the 
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posiior, it appears, must therefore pick up 72,000 letters be- 
fore he can receive an ordinary week's wages, must make np 
his matter into pages and impose them, and, moreover, cor- 
rect all the blunders mischance or carelessness may have 
occasioned, with great expenditure of time also in many 
other particulars; but, as is hereafter described, he must 
have previously placed every one of these 72,000 into the 
appropriate boxes whence he has withdrawn them in compo- 
sition. Now it is usually reckoned that this latter operation, 
called distributing^ occupies one-fourth of a compositor's 
time, and the other operations another fourth ; he has there- 
fore only one-half of his time for composition ; consequently 
he must pick up letters at the rate of 144,000 per week, 
24,000 per day, or 2000 per hour. His rapidity of motion 
is therefore wonderful, and the exertion is so long continued, 
that the business, although apparently a light one, is in fact 
extremely laborious. 

The number of thousands of letters in a sheet necessarily 
varies with the size of the type, width and length of the page, 
and the number of the pages. The example above given is 
the casting-up of an octavo sheet of pica solid, the page be- 
ing of moderate size ; a similar sheet of brevier* would con- 
tain 81,000 letters, and the cost of composing it would be 21. 
0«. Qd, Single tables, forming one uninterrupted mass of type, 
will sometimes contain 250,000 letters ; and the labor of the 
compositor being very great in getting them up, he is paid 
double. Consequently the cost of composing such a table in 
pearl or diamond § would be not less than 162. 18«. 6(2., with- 
out extra charges. Yet this large number of types, by the 

year 1785, before the London prices were raised. That a court of law, 
whose province it is not to legislate, but to apply and enforce existing stat- 
utes, should have entertained a question regarding the price of labor, for 
the regulation of which there not only existed no law, but which had never 
been deemed a fit subject for legislative interference, appears to be a very 
singular incident in the history of judicial procedure. The prices thus fix- 
ed, however (namely, A\d. per 1000 for book-work, with an additional half- 
penny if nonpareil, and a penny if pearl, and b\d. for law-papers and jobs), 
being regarded as not unreasonable, have ever since been adhered to by 
evtry rei^pcctable establishment in Edinburgh. The price for composition 
in New York and other American cities averages 25 cents per thousand. 
Compositors at night and on rule and figure work are paid extra. 

• This is brevier. 
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power of the wedge-formed side and foot sticks and quoins, 
is compressed into so solid a mass that it can be moved 
without much danger of disruption. 

The sheet being now imposed, an impression is taken 
called a proofs which is carried down to the reader, who 
having folded the proof in the necessary manner, first looks 
over the signatures, next ascertains whether the sheet com- 
mences with the right signature and folio, and then sees that 
the folios follow in order. He now looks over the running 
heads, inspects the proof to see that it has been imposed in 
the proper furniture, that the chapters are numbered rightlj, 
and that the directions given have been correctly attended 
to, marking whatever he finds wrong. Having oarefullj 
done this, he places the proof before him, with the copy at 
his left hand, and proceeds to read the proof over with the 
greatest care, referring occasionally to the copy when neces- 
sary, correcting the capitals or italics, or any other peculiar- 
ities, noting continually whether every portion of the com- 
position has been executed in a workmanlike manner ; and 
having fully satisfied himself upon these and all technical 
points, he calls his reading boy, who, taking the copy, reads 
m a clear voice, but with great rapidity and often without 
the least attention to sound, sense, pauses, or cadences, the 
precise words of the most crabbed or intricate copy, insert- 
ing, without pause or embarrassment, every interlineation, 
note, or side-note. The gabble of these boys in the reading- 
room, where there are three or four reading, is most amusing, 
a stranger hearing the utmost confusion of tongues, uncon- 
nected sentences, and most monotonous tones. The readers 
plodding at their several tasks with the most iron composure, 
are not in the least disturbed by the Babel around them, but 
follow carefully every word, marking every error, or pausing 
to assist in deciphering every unknown or foreign word. 
This first reading is strictly confined to making the proof an 
exact copy of the manuscript, and ascertaining the accuracy 
of the composition ; consequently first readers are generally 
intelligent and well-educated compositors, whose practical 
knowledge enables them to detect the most trivial technical 
errors. Having thus a second time perused the proof, and 
carefully marked upon the copy the commencement, signa- 
ture^ and folio of the succeeding sheet, he sends it by his 
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teadmg-boy to the ecMnposing-room to be corrected by the 
workmen who hare taken share in the composition. These 
immediately divide the proof amongst them, and each, taking 
that portion of it wluch contains the matter he had composed, 
and gomg to his cases, gathers, the letters marked as correc- 
tions in the margin, together with a qnantity of spaces of all 
rises, and retams to the forms, which in the meanwhile one 
of them has laid up on the imposing-table and unlocked. 
He then with a bodkin lifts np each line in which a correc- 
tion is required, draws out the wrong letter and inserts the 
right one, adjusting the spaces in such a way as to compen- 
sate fer the increased or dinunished size of the letter substi- 
tuted, oTerrunning carefully several Unes should any word 
have been added or struck out, so that the spacing may be 
uniform, and the corrected matter exhibit no indication of 
any alteration having been made. This is an operation re- 
quiring much practice and skill ; and here is shown the value 
of attention in the preliminary operations. Should the types 
have been carelessly laid or inaccurately distributed, should 
the workman have been negligent in composition, capitaling, 
or spacing, he will consume as much time in amending his 
errors as in composing his matter, to the great detriment of 
his work, the injury and inconvenience of his employer and 
his companions, and great delay in every department of the 
printing-oflSce. When every compositor has corrected his 
matter, that one whose matter is last in the sheet locks it up, 
and another proof is pulled, which, with the original proof, 
is taken to the same first reader, who compares the one with 
the other, and ascertiuns that his marks have been carefully 
attended to, in default of which, he agwi sends it up to be 
corrected; but should he find his revision satisfactory, he 
sends the second proof with the copy to the second reader, by 
whom it undergoes the same careful inspection; but this 
time, most technical inaccuracies having been rectified, the 
reader observes whether the author's language be good and 
intelligible ; if not, he makes such queries on the margin as 
his experience may suggest; he sends it up to the composi- 
tor, where it again undergoes correction, and a proof being 
very carefully pulled, it is sent down to the same reader, 
who revises his marks and transfers the queries. The proof 
is then sent, generally with the copy, to the author for his 
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pernsal, who, having made such alterations as he tUnki 
necessary, sends it back to the printing-offioe for correction. 
With the proper attention to these mma, the printer's re» 
sponsibility as to correctness ceases, and the sheet is now 
ready for press. Such at least is the process of proof- 
readme which onght to be adopted ; bnt now, from the speed 
with whidi works are harried throng the press^ IbrprooA 
are freqnenilj sent ont with only one readings Ike ott^fol 
pre88-rea(Ung being reserved untU the antho^s reriie is re- 
tamed. 

It need scarcely be remarked that ** correctnsM «f the 
press" is a very material feature in every work, audi more 
especially in those of a scientific natore. When the ttten-. 
tion and the mind are devoted to the train of aooMf ckse 
argament or passage of surprising beanty, it is swuisiug 
how easily an error of the press, even although it may not 
injure the sense, and may be as evident '^ as the sun at soon,'' 
will destroy the charm, and break the ^^ thread of tiie dis- 
course ;" and even in works of ordinary reading they are 
exceedingly offensive. Many curious anecdotes are related 
of the methods which the earlier printers adopted to attain 
correctness. It was the glory of the early literati to take 
charge of the accuracy of new works ; and, in return, the 
value and sale of each edition varied with the skill and repu- 
tation of the corrector. Of these, Erasmus is an illustrious 
example. Many of the first printers were led to the prac- 
tice of the art by their love of learning, and their anxiety to 
promote it by the production of classic authors. Hence 
several are better known in the world of learning than in 
the circle of bibliographers ; as the editors and correctors of 
valuable works, than as the careful or beautiful printers of 
them. Aldus, it is true, has so admirably succeeded in both 
characters, that he has fully established his double fame ; but 
whether he was most valued himself upon his learning or his 
skill may be doubted. It would appear from his letters that 
he considered it as his chiefest duty to correct every sheet 
that passed through his press. In all his bustle in preparing 
every material in use in his art, in all his occupations public 
and private, this important duty was never neglected. He 
tells us ^^ that he has hardly time to inspect, much less to 
correct, the sheets which are executed in his office ; that his 
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days and his nights are devoted to the preparation of fit 
materials ; and that he can scarcely take food or strengthen 
his stomach, owing to the multiplicity and pressure of busi- 
ness ; meanwhile," adds he, ^^ with both hands occupied, and 
surrounded by pressmen who are clamorous for work, there 
is scarely time even to blow one's nose :" nor did his son or 
grandson depart from his ways, but did themselves insure 
the correctness of their works, even when the latter had 
risen to wealth and eminence, and enjoyed the laborious dig- 
nity of a professor's chair. The beautiful Greek works of 
the Stephani are especially valued for their correctness. 
Stephens corrected his own press with intense labor and 
minuteness, and is reported to have adopted a singular plan 
for obtaining perfect similarity to the copy, by employing 
females who had not the slightest knowledge of the Greek 
characters or language to compare every letter of the proof 
with the manuscript ; a labor so intense as to be almost in- 
credible. He is moreover said to have hung up proofs on 
the doors of his printing-office, and to have amply rewarded 
any who could detect inaccuracies therein. Coverdale, it 
will be recollected, corrected the first English Bible and 
Testament, and received a bishopric as his reward. Foulis, 
the celebrated printer at Glasgow, adopted the same plan 
to insure the accuracy of his edition of Horace, which is 
styled immaculate ; in which, however, one error escaped de- 
tection, the ode commencing Scribeuis Vario, being printed, 
as originally issued, Scribfris Vario. 

The experience of every printer will furnish a host of 
laughable errors ; and indeed these defects have been deem- 
ed of such importance as to deserve preservation. (D'ls- 
raeli's Curiosities of Literature.^ The omission of the word 
not from the seventh commandment, in an edition of the Bi- 
ble printed by the Stationers' Company, is well known ; and 
the company richly deserve the severe fine they incurred for 
spreading the immoral command, " Thou shalt commit adul- 
tery." The Bible so misprinted has received the name of 
the " Adultery Bible;" and a copy is preserved in the Brit- 
ish Museum, the edition having been carefully suppressed. 
There is another Bible known as the " Vinegar Bible," from 
a misprint in the 20th chapter of St. Luke, where '' Parable 
of the Vinegar " is printed for " Parable of the Vineyard ;" 
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thii proceeded from the Clarendon press. Id the reign of 
ChftrleB I. a very curious traffic in Bibles, etc., arose ; tbey 
were printed by any one who chose, and imported in vast 
nnmben from abroad. It will readily be imagined that these 
were made for sate, not for use, and that they abounded with 
ssregions errors: but, what is worse than this, they were full 
« mistranslations and interpolations, and the omissions were 
fearful. Al! these were done as mucfa by design as by acci- 
dent, the Romanists and sectaries taking the opportunity of 
adrancing their own tenets by interpolating and alloring 
texts to soit their views. These monstrous anomalies pro- 
duced, however, some good ; they occasioned the necessity of 
tiie auUiorited version now in use, and printed under euch 
Uthority as insures perfect fidelity, whilst there is sufficient 
oompetitioa to make it impossible that the Word of God can 
eret become a sealed book to the humblest and poorest Chris- 
tiaa. Some of the blunders in these editions are sufficiently 
absurd to overcome the repugnance which must naturally he 
felt at such license. Thus, in Luke zxi. 28, eondemnaiion 
has been misprinted for rtdemption. In Field's Bible of 
1658, called the Pearl Bible, Bom. vi. 13, we End " Neither 
yield ye your members as instruments of riifhteoumesa nnto 
sin," instead of unriffhteomnegt ; and 1 Cor. vi. 9, " Know 
ye not that the unrighteous tkall inlurit the kingdom of 
Ood ?" for shall not inherit. It is said that these corrup- 
tions are in a great measure owing to Weld's cupidity, and 
that he received a bribe of IbdOl. from the Independents to 
alter the text in Acts vi. 3, to sanction the right of the peo- 
ple to appoint their own pastors, " Wherefore, brethren, look 
ye out among you seven men of honest report, full of the 
Holy Ghost and wisdom, whom ye may appoint over this 
buuness," instead of we. This Bible is notorious, and, 
strange to say, valued, for its gross incorrectness. It ia as- 
•erted that no less than six thousand errors of greater or less 
magnitude have been noted in it. But the most extraordi- 
nary example of careleranese is presented by the Vulgate, 
the printing of which was sedulously superintended by no 
*1eea an authority than Sextus V., a curious example of the 
iofollibility of the Pope. To the astonishment of the world, 
it swarmed with errors ; and a whimsical attempt was made 
to remedy the defects by pasting printed slips of paper over 
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the erroneous passages. As this, however, was exceedingly 
laughable, the papal authority was exerted to the utmost to 
call in the edition, and with such effect that it soon became 
very scarce, and a copy of it has produced the sum of sixty 
guineas. To add to the absurdity, the volume contains a 
bull from the Pope anathematizing and excommunicating all 
printers who, in printing it, should make any alteration in 
the (text The monkish editor of The Anatomy of the Mass^ 
printed in 1561, a work consisting of 172 pages of text and 
fifteen pages of errata, very amusingly accounts for these 
nustakes by attributing them to the artifice of satan, who 
caused the printers to commit such numerous blunders ; but 
he does not inform us whether it was really the archangel 
fallen, or only his minor satellite, the printer's devil. The 
editor of an Etbiopic version of St. Paul's Epistles inno- 
cently confesses, in palliation of his errors, '' that they who 
printed the work could not read, and we could not print : 
thev helped us and we helped them, as the blind helps the 
blind." 

The sheet being printed off in the way hereafter to be de- 
scribed, and the forms returned by the pressmen to the com- 
posing-room, and very carefully washed with lye, and rinsed 
with water, the compositor lays them up on a letter-board in 
the sink, and there unlocks them ; he then passes one hand 
backward and forward over the pages so as effectually to 
loosen the type, and at the same time with the other pours 
on water, till, the lye and ink being washed away, it runs off 
clear. The forms are then allowed to drain, and carried to 
the bulks at the end of the frames. Each compositor em- 
ployed on the work then takes a share of the letter, and, 
wetting the face of it plentifully with a sponge, which causes 
the types to adhere sufficiently to prevent accidents, yet not 
so much as to retard the workman, takes up a portion on his 
setting-rule, with the nick upward, and the face turned 
toward him ; he then takes between his fingers and thumb a 
few letters, gives a rapid glance at the face to see what let- 
ters they are, and then, passing his hand rapidly over the 
cases, drops each into its appropriate box. In this operation 
the greatest attention is necessary, for it must be remem- 
bered that every letter dropped into a wrong box in dis- 
tributing is sure to cause an error in composing ; for the 
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workman, as before stated, ne^er looks at the letter he takes 
up, relying upon the correctness of the distribution. Com- 
positors, therefore, should be especially careful, when learn- 
ing their business, not to sacrifice accuracy to swiftness ; for 
in this instance most especially is it found that too much haste 
is little speed. If the rapidity of motion in composition 
strikes the stranger with wonder, what must that of aistribu- 
tion occasion ? Most compositors distribute four times as 
rapidly as they compose; if, therefore, he pick upt wo thou- 
sand letters in an hour, he would distribute eight or ten thou- 
sand, or about three per second. His letter being properly 
distributed, he agun proceeds to compose in the manner be- 
fore described, until the work is finished. The number of 
times the types are returned to their oases must depend upon 
the size of the font. A thousand pounds' weight of types 
would get up five or six sheets ; and therefore, in an ordi- 
nary octavo volume, the types would be returned five or six 
times. 

Many attempts have been made to substitute machinery 
for the manual labor of the compositors. The machines of 
Messrs. Young and Delcambre (1842), and of Major Rosen- 
borg, deserve mention for their great ingenuity ; and Major 
Beniowski has attempted a process by which, by the use of a 
new description of type, logotypes, cases, and machinery, a 
great saving of time and money may be effected. But there 
are requirements in the process of composing which are in- 
dependent of mechanism, and which have hitherto rendered 
these inventions practically useless. 

TUB PBINTINO-PRESS. 

The press is the machine whereby impressions are obtained 
of the type, when set up by the compositor as above described. 
On the skill and care of the pressman depends the beauty of 
the work. If the press-work be not good, all the labor of the 
compositor is thrown away ; his work makes no respectable 
appearance, and the master gets no credit. 

It has already been mentioned that very little alteration 
had been made in the printing-press from the time of the first 
printers to that of Blaew of Amsterdam, about 1620. 
JBIaew's improvements, although very great, only consisted in 
alterations in the details, and not in the principle. These 
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presses have in their tarn been superseded by those of Lord 
Stanhope ; and the latter has found successful competitors in 
the Columbian, Albion, and others of more modern inven- 
don. Very few of Blaew's construction are now in exist- 
ence, save in old offices in England, where they are used as 
proof-presses, or kept merely as curiosities. As a descrip- 
tion of these by-gone pieces of mechanism would be of little 
utility, the Stanhope press, by which they have been super- 
seded, has been selected for illustration, for which it is best 
adapted, from the simplicity of its construction and its being 
easily explained. The novelty of his lordship's invention 
consists in an improved application of the power to the spin- 
dle and screw, whereby it is greatly increased. Upon refer- 
ence to fig. 6, it will be seen that this press possesses great 
strength and compactness. The heavy mass of iron AA, 
somewhat resembling a vase in outline, is called the staple. 
It is united at the top and bottom, but the neck and body are 
open. The upper part is called the nut B, and answers the 
purpose of the head in the old press ; it is in fact a box with 
a female screw, in which the screw of the spindle C works ; 
the lower portion of the open part, described as the neckj is 
occupied with a piston and cup D, D, in and on which the toe 
of the spindle works. On the nearer side of the staple is a 
vertical pillar or arbor A (fig. 7), the lower end of which is 
inserted into the staple at the top of the shoulder ; the upper 
end passes through a top-plate B, which being screwed on to 
the upper part of the staple, holds it firmly. The extreme 
upper end of the arbor (which is hexagonal) receives a head 
C, which is in fact a lever of some inches in length ; this 
head is connected by a coupling-bar E to a similar lever or 
head D, into which the upper end of the spindle is inserted. 
The bar or lever F, by which the power is applied by the 
workman, is inserted into the arbor, and not into the spindle, 
by which ingenious contrivance — Istj the lever is in length 
the whole width of the press, instead of half, as in Blaew's 
press, and is, moreover, in a much better situation for the 
application of the pressman's strength ; 2d, there is the ad- 
ditional lever of the arbor-head ; 8^, the additional lever of 
the spindle-head ; and, lastli/j the screw itself may be so en- 
larged in diameter as greatly to increase its power. The 
platen L is screwed on to the under surface of the spindle ; 
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the table M has sUdes underneath, which moTO m the nSf 
N, N, instead of tipon them, as in the old p r es s e s, and is nm 
in and oat by means of girths affixed to each end, and pasring 
round a drum or wheel 0. Am the platen is of oonnderaUe 
weight, the workman would hare to exert much strength m 
nusing it from the form after the impression has {been gmm^ 
were not a balanoe-wei^t P suspended upon a lerer and 
hook at the back of the press, which counterbalances the 
weight of the platen, raises it from the form, and brings the 
bar^andle back agun, ready for another pull. These are 
the principal parts of the maclunery whereby the impresnon 
is giiren, and are sufficient to g^ye the pnml reader, with 
the aid of fig. 7, an idea of the mechanism of the Stanhope 
press. For the printer there are yet other appliances* At 
the right-hand end of the table is an iron frame Q, moTms 
freely upon pilots, so as to fiiJl upon the taUe, or rise untu 
stopped by what is called the gaUotci R ; this is covered with 
parchment very tightly stretched, and is then called the ttpn- 
pan ; upon the tympan blankets are placed, which are cov- 
ered by an inner tympan, and fastened by hooks ; the whole 
forming a solid yet elastic and yielding surface, admirably 
fitted for impressing the paper upon the type (for this is its 
use), inasmuch as the surface of the parchment is soft and 
without grain, and readily receives the impression of the 
type, while the blankets give freely to every projection, with- 
out retaining any indentation. To protect those portions of 
the paper which are not intended to be colored from ink or 
soil, there is at the upper end of the tympan another iron 
frame, of much lighter make, and also moving upon pivots, 
so as to fall upon the face of the tympan. TUs is covered 
with a sheet of coarse paper, and after an impression has 
been taken upon it, the exact size and form of the pages are 
carefully cut out therefrom, the parts left being an excellent 
protection of the paper under them. This is called the 
friiket. 

Such is the ordinary Stanhope press. A notice of the 
principle of many other excellent presses which have been 
since invented, and very extensively introduced, will be found 
in a subsequent part of this treatise. The manner of work- 
ing is the same in all. 

On the left front of the press stands the inking-table. 
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This 18 made of iron, about four feet high, and three feel 
four inches wide ; at the back is a solid iron cylinder, turned 
perfectly true, against which a thin steel straight-edge is 
made to press bj means of levers and weights, thus forming 
a trough for the ink ; of which, when the cjlindcr is turned 
round, it becomes covered with a thin film, its thickness 
being regulated bj adjusting the weights on the levers. 
Against this iron cylinder the inking-rolier (which will be 
hereafter described) is dabbed, and being rolled backward 
and forward on the table, the ink is evenljr distributed over 
its surface. 

It must be fullj understood that printers' ink is a verj dif- 
ferent composition from that used fi)r writing. It is of such 
consistencv that if a small portion be taken up between the 
finger ana thumb, when thej are opened it will produce a 
thread of an inch or an inch and a half in length. Of all the 
materials used in printing this is tho most important, and 
the most opposite qualities are required in it. It must be of 
excellent color. Formerly excellence of color was deemed 
to consist in an exceeding dark hue, not exactly black, bui 
black enriched with a hue of the darkest blue or purple. 
This gave indescribable effect to the works for which it was 
used, a richness and intensity which it is impossible to describe, 
but of which the works of Baskerville and Bulmer, especially 
the Milton of the latter, afford the best specimens. Nbta 
we hold perfection to consist in the intensest black, and all 
the resources of chemistay and the arts have been sought to 
attain this end. It must stand for ever ; but here we have 
miserably failed. Compare the productions of the old print- 
ers with those printed twenty years back. What a differ- 
ence ! The works of the Aldi and Elzevirs, of PIantinu8| 
Caxton, Pynson, and Grafton, preserve their color as intense 
as on the day they were printed ; there is no yellowness or 
brownness, no foxiness ; whilst the books printed from 1810 
to 1820 are wretchedly discolored. Where fine printing, 
however, has been required and paid for j the modern ink is 
no whit inferior to the ancient. Witness the works of Bul- 
mer, Macklin, Ritchie, Bowyer, Baskerville, and others ; but 
certain it is that the ink in general use twenty years ago 
was of verv inferior quality. It must be perfectly mixed, 
and grouna until it is absolutely impalpable, otherwise it will 
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speedily clog tbe types and inldng tpparatns ; it most adhere 
to the paper, and not to the type, or it will tear off the fiue 
of the former, and clog np the latter ; it most be snffimentlj 
thick ; it most keep perfectly undried when in larm maaseSy 
and dr^ very qnickly when it is transferred to lie paper. 
Few pnnters of the present day make their own ink, altmwi^ 
some add ingredients which they believe to impcoTe Ihe 
color or quality. Ink-malung is a ffistinct boriness ; and by 
the ud of machinenr, cafutal, and exdnmTe attention to tbte 
manafactare, the ink now sappUed is admirable in the mtali- 
ties of being thoroughly nuzed and ground, drring, Uaek- 
ness, etc.; but whether it will stand the tttt of time, time 
alone can show. It is an expensive article, tiie commonest 
book-ink being one shilling and sixpence per poond,* whilst 
the usual qualities are two shilUngB and oxpenoe, tluree shil'* 
Imgs, and four shUlings per pound ; those used for superior 
work are five shillings or tax shillings ; and those ibr oats as 
high as ten shillings— though it is questionable whether, at 
the latter price, the consumer is not paying for a mere 
name. 

Every manufacturer has of course his own secrets both 
of ingredients and process. The universal ingredient is of 
the finest possible lamp-black ; the great secret probably con- 
sists in the manner in which, and the material from which, 
this is made. There are vast buildings appropriated to the 
sole purpose of burning oil, naphtha, spirits, coal-gas, etc., 
to produce this black, which is collected from the sides, ceil- 
ings, etc., of the buildings ; it is brought from Germany and 
many other countries ; and no expense is spared to get the 
most superior quality. The next most important article is 
nut or linseed oil boiled and burnt into a varnish ; then <h1 
of turpentine, etc. The following receipts have been given. 
The first is the method used by Baskerville and Bulmer, and 
nothing can be better than the results : 

1. Fine old linseed oil boiled to a thick varnish, and cooled 
in small quantities, three gallons ; a small quantity of black 
or amber rosin dissolved therein ; the mixture then stands 
for some months, that all impurities may be deposited ; after 
which it is mixed with the finest lamp-black, and carefully 
ground for use. 

^InEaghBd. In America, tlift<iEdiiiiiry\|Klc«\&thli:^ 



PBnmifQ — ^PRAonoAL. 88 

2. One hundred poands of nut or linseed oil are reduced 
by boiling and burning one-tenth or one-eighth of its bulk, 
and to the thickness of a syrup, two pounds of coarse bread 
and several onions being thrown in to purify it from grease. 
Thirty or thirty-five pounds of turpentine are boiled apart, 
until, on cooling it on paper, it breaks clean, without pulver- 
izing. The former is poured nearly cold into the latter, 
and well mixed. The compound is then boiled again. Lamp- 
black is next thoroughly mixed with it, in quantity according 
to the ink required, and being well ground, the ink is then 
ready for use. Some add indigo, some Prussian blue, which 
considerably improves the color ; but these inks are so di£S- 
calt to work, and so clog up the type, that the improvement 
is better let alone. The turpentine is added to give greater 
varnish, and improve the drying quality ; but if the oil be 
old and fine, the quantity required is proportionally less. 

8. Mr. Savage, an admirable artist, denies that any ink 
can be depended on of the varnish of which oil is the basis ; 
he therefore gives the followbg receipt : Balsam capivi, 9 oz.; 
best lamp-black,^ 3 oz.; Prussian blue, 1^ oz.; Indian red, 
I oz.; turpentine' soap dried, 3 oz. This ink is of beautiful 
color, but appears to work foul. 

At the right front of the press stand the bank and hone. 
The bank is a deal table of some size ; the horse is an in- 
clined plane which stands upon the bank ; upon it is laid the 
white paper properly damped for working; and as each 
sheet is worked, it is taken off the tympan and laid on the 
bank. There are two pressmen to each press, one of whom 
attends to the inking only, to ascertain the excellence of 
which, whenever he has a moment to spare, he turns to the 
worked sheets upon the bank, glancing his eye rapidly over 
each, to see that every part is of its proper color, and that 
no picks or other imperfections mar the work ; the other 
attends only to the press, and gives the impression. These 
men are paid by every two hundred and fifty impressions, 
called a token. Thus, if the number be five hundred, and 
the price 4Jc?. per token, each man receives 9c?. for the five 
hundred impressions of each form, and the cost therefore is, 

Inner form, two men, two token, at 4J<i 1«. 6<f, 

Outer form, do do do U. 6(L 
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Hie price varies with fhe mse of fhe type tnd the fom; 
wiih the quality of the paper and the ink ; with the nomber, 
and the care required. Common woric naed to be paid for 
at 4}c{., good at 6d.| superior at TdL, the retj best at 8iL, 
M.| or even It. per token.* Bat now the price is matter 
of agreement between the master and pressmen. 

One of the pressmen, having received the forms after tho 
final correction, lays the inner form, or that one which eon- 
tains the second signature, upon the table of the press, end 
secures it in the center by qudns ; the other in the mean- 
wHle pastes a stout sheet of paper upon the frisket frame, 
and then secures it upon the tympan. The form is then 
inked, and an imprmion taken upon the frisket, and the 
printed parts only oeing cut away, that which is left protects 
ttie paper from mk or soil. The puller now carefofij folds 
a sheet of the paper according to the crosses of the chase, 
and laying it upon the form, opens it carefully, by which the 
paper is made to lie evenly upon the form, with the same 
margin with which it is to be afterward worked. Having 
sliehtly wetted the tympan, he turns it down upon the form, 
and tskea an impression, when the paper will be found to 
adhere to the tympan, and thus become a guide whereby to 
lay all the subsequent sheets, and therefore much care should 
be taken to lay it properly. They now choose their paints^ 
which are thin and narrow pieces of iron, having a short 
point or spur projecting from one end, and a shank at the 
other made to screw on to the tympan-frame, which must be 
done in such a manner that the spurs may fall into the 
grooves in the cross of the chase ; because if they did not, 
they would be battered or broken at the first pull. It is ad- 
visable to make tho inner form register, for it may be very 
difficult to correct any error in the furniture when the reiter- 
ation, or outer form, is laid on. 

The puller now brings his paper from the wetting-room ; 
for before any good impression can be taken the paper must 
have been damped, by rapidly passing it, one^fourth or one- 
fifth of a quire at a time, through water, and then allowing 
it to soak for two or three days under a heavy weight, untU 
it is evenly and thoroughlv damped ; and laying a ream up- 
on the horse, he takes a sheet, and placing it carefully over 

* The priee for luuid-pren work in America ii twent j-flre cents per token. 
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the tympan-sheet, closes the frisket over it, shuts both tjm- 
pan and frisket down upon the form, which in the mean while 
his companion has inked (a process that will be described 
below), runs the table in under the platen, pulls the handle 
of the bar or lever over by his full weight, until brought up 
by the stop, at which moment the platen descends, ana 
exerts a powerful pressure to the tympan, etc., upon the form, 
producing upon the paper a perfect fac-simile in reverse of 
the surface of the pages. The pressman now gradually re- 
leases his hold, the balance-weight raises the platen, the bar 
returns to its first position, the table is run out, the tympan 
and frisket are raised by the workman, and the frisket thrown 
up to the catch. The sheet is taken off the spurs of the 
points, which have been forced through it by the pressure, 
and the back of the impression is carefully examined, to as- 
certain that every part of it is just and even, which is the 
great test of the workman's skill and the excellence of the 
press. The first impression is, however, invariably defective: 
the parchment may have been thicker in some parts than in 
others, the blankets worn, or one of two fonts of type may 
not have been of equal height, in which respect ^^ the estima- 
tion of a hair" would produce a manifest imperfection, but 
which may be remedied by the thinnest possible tissue paper. 
The pressman now proceeds to overlay ; that is, by pasting 
upon his tympan-sheets portions of paper of the exact size of 
the defects, thicker or thinner as may be required, to bring 
up the form ; he overlays the faint parts of the impression ; 
or if the defect be great, he places a part of a sheet of paper 
within the tympan, or, which is a much better plan, he raises 
the form, and pastes the paper under the defective part. 
If there be any small portion of undue prominence, or that 
*• comes off hard," he rubs down a portion of the tympan- 
sheet with his wet fingers, or cuts it away altogether. Hav- 
ing, as he supposes, remedied all blemishes, he takes another 
impression, which he again examines with equal closeness, 
and carefully removes every remaining defect by the same 
method; and having at length satisfied himself, and his 
master or overseer, that the form is well brought up, the 
work is proceeded with, the inker taking off from the table 
with the roller or balls even portions of ink, which has been 
well distributed on its surface, and rolls or beats the form, 
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being veiy careful that eveiy jmrt is aqpuJly inked ; flw 
puller taking a shaet and laying it on the tjmpan mm before. 
Thej thus proceed until the whole number of the white paper 
is worked off; when it is a good precaution to count the 
heap, to ascertain that the number printed is ooneci. The 
form is now lifted from the table, and carefully washed with 
Tory strong lye. The outer fi>rin is then laid on and made 
ready. 

The making ready of this form varies a little from die 
mode previously described. It has been stated that the 
spurs of the points penetrate the paper at the first impres- 
sion. The holes thus made are the gddes whereby pnfect 
register is obtained ; that is, whereby not only the pages, 
but the lines, are made to fall exactly upon the back of each 
other, any variation in this respect bemg a great defbot in 
good book-work. The outer form, therefore, having been 
placed on the table in precisely the same position which the 
inner previously occupied, a printed sheet is taken from the 
heap, and laid upon the tjmpan with its printed face inward, 
in such manner that the spurs of the points pass through 
the holes made by them in the working of the inner form, 
but of course the opposite way ; and an impression is taken. 
If the pages do not back, the points are shifted until they do ; 
or if the defect arise from the furniture of the form, such 
alterations are made in it as may be necessary. The im- 
pression is then brought up as before, and when all is ready, 
a thin sheet of white paper, called the ^et-off sheet, is placed 
over the tympan-sheet and under the points. It must be 
remembered that one side has been worked, that the ink has 
not yet dried, that the paper is still damp ; therefore at every 
impression some portion of the ink will be transferred to or 
impressed upon the set-off sheet. When this has taken place 
in many impressions,' some of the ink of the print will be re- 
transferred from the set-off sheet to the sheet then working, 
producing a most unpleasing blurred appearance, very per- 
plexing to the eyes, and utterly destructive of the beauty of the 
press-work. To obviate this, the puller, after a few impres- 
sions, moves the set-off sheet slightly, and when it has be- 
come very black, takes it off, and replaces it with another. 
The pressman should be very attentive to this ; and the mas- 
ter should not grudge ample supplies of set-off paper, for it is 
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not destroyed, but, when dried, may be used again for the 
aame pnrpose, or in other departments as waste paper. The 
form ii now lifted, and carefully washed with lye, and the 
two are ready for the composing-room, where they are laid 
up, as previously described. Two good pressmen are sup- 
posed to do about one token, or 250 impressions, per hour of 
fur work. This, however, must depend entirely upon the 
quality of the work required ; with small type, stiff ink, and 
many rules, the work is more slow, and paid for accordingly. 
The finest work is seldom paid for by the token, the press- 
men being placed upon, weekly wages, and allowed as much 
time as they require, the rapidity being at the discretion of 
the overseer. Frequently they are limited to a certain num- 
ber per hour, often as few as fifty, the most careful inspection 
being given to every sheet by both pressmen, and continual 
attention by the press-overseer and other chief persons in the 
establishment, in such work the very best materials are 
employed. Instead of parchment, the tympans are covered 
with fine calico, or even silk ; instead of blankets the finest 
broadcloth ; picked blotting paper for the thick overlays, the 
tldnnest tissue-paper for the finer. It will readily be under- 
stood that in all operations of the press-room, where every 
thing depends upon the skill of the workmen, there are in- 
finite minutiae, which it would be tedious, if it were even pos- 
Bible, to enumerate. Seven years' apprenticeship are not more 
than sufficient to educate a good pressman ; it is the accumu- 
lated labor of a life to make a first-rate one : and, after all, 
excellence depends upon the native talent and ingenuity of 
the man himself. 

The ink is distributed over the type either by balls or by 
rollers. The rollers are of modem use. The balls, which 
are such prominent objects in the representation of ancient 
printing-offices, and which form part of the armorial bearings 
of the printers' guilds on the Continent of Europe, were for- 
merly made of sheep-skins, with the hair taken off by lime, 
and formed into a ball with wool, gathered at all corners, and 
nailed upon a wooden handle. One of these was held in 
each hand ; and a small portion of ink being taken, they 
were well beaten upon the inking-table, and then upon each 
other, until the ink was so evenly distributed over the whole 
surface, that if touched gently with the finger, the prominent 
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Dues of the sicin would be blackened, whibt tbe ehanneb 
would be left perfectly clean. The balle were then beaten 
OTer every part of the type, so that the whole aorfaceihonld 
bo evenly covered ; an operation requiring much aldll and 
practice. The skins were prepared and softened by the naa* 
tiest processes imaginable, which converted a press-room into 
m stmking cloaca. Thanks, however, to the (mervation and 
ingenuity of Mr. Forster, a practical printer, and Mr. Bon- 
kin, an engineer, this has been entirely done away, and a 
press-room now regales the nose with a warm scent of ink 
and paper, any thing but unpleasant This invention has 
been of the greatest consequence to printbg. The printing- 
machine is said to be the handmud of modem literature ; 
and so it is ; but without this, printing machines were mere 
old iron and brass. Earl Stanhope had attempted to substi- 
tute skin rollers for akin balls ; but hia plan fiuled owmg to 
the diflSculty of preparing the pelts, and the inevitable aeam, 
which left a broad mark upon the type. But the use of 
rollers, which in the hand-press would have been merely an 
improvement on a process in use, was a necessity to the print- 
ing-machine, and the complete failure of the earliest of these 
machines was in a great degree owing to the imperfection of 
their inking appliances. For many years the workmen in 
the potteries had used a composition of glue and treacle for 
applying colors to their ware. Mr. Forster observed that this 
composition possessed every requisite for the use of the 
printing-office, and he immediately proceeded to form balls of 
canvas, with a facing of composition. They answered admi- 
rably, proved beautifully soft;, distributed satisfactorily, kept 
clean, and were easily washed and purified if soiled. Some 
opposition was offered by the workmen ; but the advantages 
proved so great that they were readily adopted by the mas- 
ters, and speedily drove away forever the nasty skins. The 
next step, however, was more important still. Mr. Donkin 
observing the adaptability of the composition to casting roll- 
ers for printing-machines, devised moulds, by which be was 
able to cast cylinders without seam, and of somewhat greater 
tenacity than the original compound. The rollers answered 
perfectly for printing-machines; and there was little diffi- 
culty in perceiving that at the hand-press the roller might be 
advantageously substituted for beating by balls. They were 



PBnmNG — ^PsAonoA^ 89 

•coordbg^y introdaoed, and after meeting with aome oppo- 
aition, are now in universal nse. Thej consist of a solid 
wooden cylinder, with a (hick coating of composition cast in 
a metal mould perfeoti v true ; through the middle of the cyl- 
inder passes an iron rod attached to a curved bar, upon which 
are fixed two handles ; the roller revolving freely upon the 
rod. The pressman regulates the quantity of ink to be taken 
by adjusting the pressure of the straight edge against the 
eylincier at the back of the table, as above described ; and 
according as that pressure is greater or less, the cuticle of 
ink on m surface is proportionately diminished or increased 
in tUckness. Having taken off upon the inking-roUer a l|Mf 
of ink, he distributes it carefully upon the table unt||| tho'^jP^ 
tire face is evenly covered, and then rolls the fortti^ takug 
care that the whole surface receives its duo proportion. If 
be does this lightly and steadily, there is no fear of the re- 
sult ; he cannot in rolling leave any part without ink ; but it 
nevertheless requires some judgment. If there be any heavy 
titles or large type, he must roll that portion several times ; 
if there be blank pages, he must take care that the roller 
does not nnk, and so leave the pages in line with them 
dighUy touched. The greatest judgment, however, is dis- 
played in choosing the exact quantity of ink required for the 
form. If the type be small, the quantity taken must also be 
small ; it must be very carefully distributed, and the form 
rolled many times ; for if the quantity be too great the type 
will become clogged, and if too little, the color will become 
faint The pressman must from time to time examine the 
sheets as they are printed, and in working the reiteration, 
torn up the comers of the sheets to see that the color cor- 
responds with that of the inner form, detecting with quick 
eye every defect ; and he must be particularly careful that 
for every sheet of the same work he takes the same quantity 
of ink, so that the book when bound may present an even 
and beautiful color, every bold line being perfectly covered, 
and yet every fine stroke clear and distinct. This can only 
be effected by careful distribution and repeated rolling, with 
nice judgment as to the quantity of ink to be taken. 

The sheet having thus been \\'orked off, the printed paper 
b taken away by the warehouseman, and hung by the boys 
upon poles stretched under the ceiling, by means of a peely 
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which 18 a handle with a broad and, upon wUeh a qmre cr 
two is hung at a time, thence transferred to the poles^ and 
distributed in portions of four or five sheeta. Here thej 
hang a day or two, until the ink and paper are nerfecUj drr. 
This should be a gradual process, &r if bj artindal heal the 
drying is hurried, a skin will be formed upon the surfiiea of 
the ink, which will prevent that underneath from dijiag ; 
the work will look very well until it is pressed or bomid, 
when the skin breaks, the ink spreads, ana ihe sharpness of 
the impression is entirely destroyed. When perfedlj dry 
the sheets are taken down and laid in heaps up^ tho galber- 
l||^board, each signature separately ; thtts,finit, a heap, say 
^PO, fl£B, then C, D, E, F, and, lastly, the title-sheet A. 
The H^ then take one sheet from each heap; oonse- 
quentiy, when they have got to the last mgnature, eaeh boy 
has gathered one complete copy of the work. These are 
laid upon one another at the end of the gathering-board in 
such a manner that each book is perfectiy distinct. The 
warehouseman then takes away this heap, and with a colla- 
tor (a needle inserted in a handle) goes over the whole with 
great rapidity, ascertaining that no sheet has been carelessly 
omitted, and that more than one of each signature has not 
been taken. The books are then folded down the middle, 
counted out in tens, thirteens, or twenty-fives, and tied up in 
bundles of convenient size. The process of printing is thus 
complete, and the work is ready for the binder. 

Works of finer description, indeed most works of the pres- 
ent day, are submitted to another process after they nave 
been taken down from the poles, viz., hot or cold pressing, 
which very much improves their appearance. In cold press- 
ing the sheets are placed one by one between glazed boards, 
which are sheets of coarse material pressed and glazed on 
both surfaces by burnishing on a steel plate with a steel ball. 
The heaps are then placed in a hydraulic press, with cold 
iron plates at small intervals, and the whole is subjected to 
considerable pressure for some hours ; they are then taken 
out, and the sheets extracted from the boards, when the in- 
dentations consequent upon the working will have been all 
pressed out, the roughnesses of the paper smoothed out, a slight 
gloss given to the ak, and the whole will present a very 
agreeable smoothness to the^ye and the touch. Hot-press- 



4 

Printing — ^Practica^ 91 

ing is used when the papei is very stout and the ink strong. 
The sole difference is, that the iron plates are heated until 
they can hardly be touched. The effect produced is much 
greater than that by cold pressing ; the whole surface of the 
paper is perfectly glazed, and the ink absolutely shines ; but 
the effect is not so agreeable to the eye ; it is too glossy. A 
machine of great power has been invented for superseding 
the use of glazed boards and the hydraulic : in this machine 
the sheets are placed between two plates of copper or zmc, 
and passed in rapid succession between two hard steel rollers, 
and come out more perfectly smoothed than by the ordinanr 
hot or cold pressing. As these processes set the ink ifjip 
also make the books lie perfectly flat, they render nuiph MR- 
ing by the binder unnecessary, which is a great ravantage, 
88 the beating causes the ink to set-off upon the opposite 
pages when the work is recently printed. The glazed boards 
must be often cleaned by rubbing with waste paper, or they 
will soil the sheets placed between them. Every printing- 
office of credit should have an hydraulic press and glazed 
boards; for it is incredible how much smartness pressing 
gives to the work, and how greatly the warehouse work is 
facilitated by the readiness with which the hydraulic is 
pumped up, and by its great power. A press of eight-inch 
ram will be found sufficient for most purposes ; but where 
much hot and cold pressing are required, one of ten-inch ram 
will prove cheapest, because, from its immense power, a few 
hours are sufficient to give the requisite surface, and the press 
may therefore be filled twice or thrice a day. 

Wood-blocks are very often worked along fith the com- 
mon type. The block, having been carefully reduced by the 
engraver to the exact height of the type, is placed in the 
composing-stick, and justified to the width of the page ; it 
is then made up along with the other matter in its proper 
place. When laid upon the press for working, and an im- 
pression of the form has been taken, the pressman examines 
with great minuteness whether it stands well with the type ; 
if not, the form is unlocked, and paper placed under it if it 
be too low, or under any corner that may be lower than the 
rest ; if the block bo too high, it must be scraped or filed at 
the bottom. The artist in wood contents himself with pro- 
ducing his lights and shades by cutting his lines in greater 



or loss decrees orfincaess upon a plane, leaving to the printer 
tihe Uak of produciog the required effects by a tedious pro- 
0M» of overlayinj; ; bo that the pressman hccomes to a cer- 
tun extent an artist, and must have a good eye for perspec- 
Hwe and for the proper adjustment of tints. These effects 
lie produces by careful and skillful overlaying. But Bewick 
tnd some other eminent engravers, instead of imposing this 
tedioos process upon the pressman, used to cat away the 
parts of the block intended to appear light before engraving 

«them ; and thus, by repeated lowering and rounding, ihcy so 
sted the lights and shades that the cut left their hands 
it state to be worked. This process was, however, very 
'^aod bas been discontinued by modern artists. In 
nuAiilp^inting, to prevent the loss that would be incurred 
if the machine were to stand still during the operation of 
bricging-up, the machiner, some time before the sheet is laid 
on, takes an impression of the cuts, and by overlaying and 
other processes, so prepares them thnt they require very little 
additionni work when the forms are laid on. Where it can 
% be managed, the cuts should be worked in the oater form, to 
prevent setting-off and the impression of reiteration upon 
them. The cuts may then be worked with the type withont 
'any other care than that of keeping them clear from clogging 
or picks. When done with, they mnst be very carefully 
cleaned with spirits of turpentine and a brush. 

The working of wood-cuts by themselves, as illustrations 
of works, differs from type-printing in no other respect than 
in the superior materials and skill required. The wood-cut 
must be inMMed in a chase, and locked upon the table of the 
press, wl^H generally a smaller one than that used for ordi- 
nary priflnng, of most excellent construction, and in good or- 
der. The tympans are, as before stated, often of ulk or cam- 
bric. For the inking, balls are preferred to rollers. The great- 
er opportunity for manual skill offered by the former enables 
the pressman to exercise an artistic judgment which is not 
possible when rollers are used. The ink is generally brayed 
out by a multer on a slab. 

There are in London, and probably in the larger provin<nal 
citi|^|>arties who m^e an especial business of the manu&o- 
tuiwn compositioi^P'^ ^"'^ rollers, which they supply to 
printers upon payment of a ittit. The skill and experieDoe 
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of these persons enable them, as must be the case in every 
instance where a manufacture engages exclusive attention, to 
supply a much better and cheaper article than could be man- 
ufactured by any individual whose engagements are varied ; 
consequently there are not many printers, either in town or 
countiy, who do not avail themselves of these opportunities. 
The rent is paid for each roller required, and by the quarter ; 
that is to say, if a printer employs six presses, and conse- 
quently six rollers, he pays for six rollers, the manufacturer 
engaging to supply him with as many changes as he may re- 
quire from their getting out of order or being injured ; in 
fact, to keep him supplied with six rollers in good conditnjl^ 
The rent for a common press-roller is the moderatar.euiK^^ 
six shillings per quarter ; they are sent into the mbtry in 
boxes fitted for the purpose. There are, of course, situa- 
tions in which it is not easy to obtain a regular supply of the 
necessary article, and in this case the printer may very 
easily make them for himself ; but the expense of the uten- 
nls is so great as to exceed the usual rent for years. They 
consist of the following : For rollers, a hollow cylinder of 
iron, the bore of which must be most accurately turned and 
well polished; this mould consists of two semi-cylinders 
closely fitted, and brought into contact by screws along the 
sides and collars at the end, and a head is made to fit into the 
lower end. The core, a wooden or iron cylinder, upon which 
the composition is cast, is held in the center of the bore by 
means of a star, through the radii of which the composition 
flows. For balls are required a concave mirror of about half 
an inch cavity, and a board of the same size and^ a quarter 
of an inch convexity. A kettle for melting antf mixing the 
composition is also required. This is made double like a 
glue-pot, fitting exceedingly close, and with a small orifice 
for the escape of the steam from the hot water between the 
two; and the inner vessel should have a large lip. The 
recipes for making the composition vary, and this appears to 
arise from the difierent circumstances under which it is made. 
The ingredients are but three, and these easily purchasable, 
viz., fine glue, treacle (not that procured from the sugar- 
bakers, which is adulterated, but the best from the sugar-re- 
finers), and a small quantity of carbonate of barjtes, called 
in commerce Paris white, or of carbonate of soda. The first 
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two ingredients are qnite snfliinMiii with a litde ikHl. The 
following are good recipes : *- 

1. Two pounds of gfne to one pound of treftde. 

2. Two pounds of ^ue to three pounds of treacle. 

* An ftfiproved metiiod of oompodng and OMttnc rolkn, in AaHrieft, it 
dewribed bj A. E. Senter, pntniMi in FdUett* Foitar it Ca'n Frinlim 
nnd Publiihing Hooae, Colnmboi, Ohio, m followi : 

Take seyen poondt of Upton's ftoien glne» put it into Invd mito, and 
let it itek until the water hMBtniok half way wcwgh it Innodftwen 

fine, this will be In ten minntes— in oidinanr glne, oolisidmDiy longer, 
'hen talEe it ont of the water, and let it lay rang enoa|^ ao that it will 
bend easily ; it is then ready for the IcetUe. 

kettle for melting and mixing, dionld be so aet aa to heai and taoQ 
Ition by steam or a hot water Mtti> in the manner In nas by 
in. LettheglneheatintiMkettleQntilitiaalldinolved,€r 
if therejlilld be any pieces tiiat do not readily rndt, take then cat, or 
they wilrmalEe the roller lumpy. When the guie it aU matt^l ovanly, 
take four quarts of goad sugar-house molasses or aorfl^mm lyrqp^ iMr H la, 
and continue to stir oocaalonallT for three or fonr hours, during wIIbIi tins 
the heat under the kettle should be kept up so as to giva tha eowpoaittoa 
a gentle boil. To ixj the composition, take a litfle out on a pleoe of pa- 
per, and when cool, if it Is tough so as to resist the action cf the linger 
without feeling tacky. It is ready to cast A person can generally tell 
when it is donc^ by taking ont the stirring stick and holding it up, when, 
if tiic composition will hang in strinni, it is done. 

A very important feature of roller-making, is In preparing the core. 
Strip off the old composition with a knife, and scrape the core. Keep 
water away from it, and also sweaty bands. If water is used at all, let it 
be hard water, and let the core dry thoroughly before casting. If the core 
Is likely to give the composition the slip, brush It over with lime water 
newly made with quick lime, and let it diy well, and the composition will 
stick fast. 

Have the mould carei\illy cleaned and oiled on the inside, set it upright, 
with the core in its place in the center, then pour in the composition hot 
firom the kettle, carefully, upon the end of the core, so as to run down the 
core, and not down the mner surface of the mould, as that would he likely 
to take off thg^^^l ftx>m the mould, and by flowing it against tlie core, 
would make itjieel off when cast 

When tha composition is cold in the mould, and ready to be drawn out, 
draw it steadily ; trim the ends with a sharp knife, beveled toward the 
core, so the ends will not be so likely to get started loose ; take a hot iron 
and run it around the ends \)f the composition, soldering it to the core, 
which operation will prevent water, lye or oil fh)m getting in between tiie 
composition and the wood, and makdng it peel at the ends. Do not warii 
a roller when it is taken from the mould ; it will be all the better for two 
or three days' seasoning, with the oil on the surface. It is always good 
economy to have enough rollers cast ahead, so as not to be obliged to use 
new ones until they are seasoned. In washing, use lye just strong enough 
to start the ink, and rinse off with water immediately, and carefmly wipe 
dry Wilb a sponge. Rollers should always be kept in an air-tight box, 
witMiH water, and in tiis room where they are worked. Sudden changes 
of temperature, as Arom a cold cellar to a warm prea»-room, will soon nas 
themnp. 
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8. One pound of glue to three pounds of treacle and a 
quarter of a pound of Paris white. 

(Sugar is sometimes used in lieu of treacle, and is said to 
make the composition firmer.) 

Soak the glue in water until it is soft ; then place it in the 
inner vessel, and boil quickly, until the glue is thoroughly 
dissolved ; add the treacle, mixing it well, and let it boil for 
an hour or more ; then sift in the Paris white, but do not stir 
it violently, or the mixture will be full of air-bubbles, which 
are destructive to the roller or ball. Rub the mould slightly 
with a rag dipped in thin oil, taking care that no globules 
and streaks remain upon the surface. When the mixture is 
ready, pour it gently between the radii of the stair, so that 
no air be detained within the cylinder, until the mimld be 
filled ; allow it to set, and then take it from the mould, cut- 
ting off the superfluous portion with a string. When the 
roller has been hung up twenty-four hours it will be fit for 
use. Owing to the rapidity of the printing-machines re- 
cently introduced, the ordinary rollers have proved inade- 
quate to the work ; but improvements have been introduced 
into the manufacture which remedy the defect. The ex- 
cellence of the new rollers is said to depend entirely on 
skillful manipulation. The ingredients are the same, but 
great experience is required in the choice of the glue, the 
proportion of the ingredients, the mixture, and the heat ap- 
plied. In making balls, having oiled the mirror, pour the 
composition upon the center, and having allowed it to spread 
itself, lay over it a piece of coarse canvas, place the board 
upon it, and lay weights upon it to press it Jbwn ; it will 
consequently be found that the composition falS of the ball 
will be slightly thicker in the center than at the edges, which, 
besides being a convenience in the working, will allow it to 
be knocked up with much facility, which is done in the ordi- 
nary manner. These balls and rollers are very easily kept 
in order : if they are too soft, cold water will harden them ; 
if too hard, warm water will soften them. When not in use 
they should be covered with refuse ink, and hung up in a 
room of even temperature, and carefully scraped with a pal- 
let-knife before use. They should not be cleaned with spirits 
of turpentine, as that will give them a hard surface. These 
rollers will be fit for use for a long while if attention be paid 
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to ftem-J and whon spoiled, tho composition tnaj be repeat- 
cdl; melted down, and, with an addition of new materials, 
wiU make as good rollers as before. When the proper apara- 
t«B 11 Wftcting, small balla for wood-cuts or single pages maj 
be m&de upon an earthern pallet, or even upon a smooth 
dinQ«r>pUto. 

A new process has recently been patented hj Messrs. Hat- 
rild for the manufacture of composition rollers, which enables 
them to resist the friction of the fastest machinos even in 
tbe warmest weather, and to continue in working order for a 
much looeer period than those at present in use. Tbe^ are 
(^b bat uightlj affected hy atmospheric changes. These are 
^Mtj^Bntages for the fast newspaper machines, iind for 
oounti^iPrinters who have not the same facilities as tho print- 
tas in flift metropolis for changing their rollers when out of 
'order. The principal difference in the new process is, that 
the glue in liijuiScd without any admixture of moisture, the 
CODOeDBed steam which floats on the surface of the glue be- 
ing entirely drawn off by a syringe. 

STEREOTYPING. 

Stereotyping is a mode of making perfect fac-similes in 
type-metal of the face of pages composed of morabia types. 
Letter-press printing being a very expensive process, the 
price of books consequently high, and the heaviest expense 
consisting in the composition, the printers of the Continent 
very soon set up the entire of such small works as were in 
constant d^fina, and thus were enabled to sell them at little 
more than TOe cost of paper and press-work. Some works 
of very great extent, especially Bibles and prayer-botAi, 
were kept standing by the privileged printers. This, how- 
ever, was exceedingly expensive, as the cost of the type ironld 
be very great ; the forms would occupy much space in stor- 
ings and be liable to continual damage from the drop[»ng 
out of letters, from batters, and other accidents to which tbej 
would be unavoidably exposed. Some method, therefore, by 
which all or some of these disadvantages might be remedied, 
becike desirable. About the beginning of the eighteenth 
ceinny, Van der Ml^, in Holland, sought to avoid this G»- 
bility to accidents, by immersing the bottom of hie pages ia 
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melted letd or solder, and thus rendering them solid masses: 
^^ e^est nne reunion des caractdres ordinidres par le pied, 
aTec de la matidre fondue, de I'^paisseur d'environ trois 
mains de papier & ^crire ;" therefore the mass together would 
be flomewnat less than the height of our type. It is not 
▼ery easy to imagine how they oontrived to make the backs 
of these blocks of such eyenness as to produce any thing 
like a good impression ; but Dibdin says that the book is very 
handsome. The same process was followed by a Jew ^ 
Amsterdam, in printing an English Bible; but he was utterly 
mined by Ids speculation. 

Some time before the year 1785 there is sufficient evidence 
that the French used casts of the calendars placed at the 
commencement of church books. These plates are thus de- 
scribed by Camus : ^^ It (one of the plates) is formed of 
copper, and is three inches and a half long by two inches 
broad and one-seventh of an inch thick. From the rough- 
ness of the casting, it has evidently been made in a mould 
formed of sand or clay." After the plate had been cast, 
the back of it had been dressed with a file, in order that it 
might bear equally upon a block of wood to which it had 
been attached. 

Who really invented the art of stereotyping as at present 
practiced (and after all, he who finds out the efficient modu$ 
operandi is the inventor of the art, though he may not be of 
the principle) is, like the inventor of the parent art, a mat- 
ter of some controversy, which has been carried on with more 
rigor than the subject merited. It seems, however, most 
probable, when all assertions are weighed, that William 6ed, 
a goldsmith of Edinburgh, deserves the credit. According 
to his statement, being in 1725 in company with a printer, 
they lamented the want of a good letter-founder in Scotland ; 
and the printer asked him whether he could do any thing to 
remedy the inconvenience. He immediately answered that 
it would be more easy to cast plates from pages when com- 
posed in movable type ; and he undertook to produce, and 
very shortly did so, a specimen cast on his new plan, and 
not long afterward made arrangements with a capitalist for 
the advance of the requisite funds. The latter failing to 
perform his part of the engagement, Ged made a similar con- 
tract with a London stationer, in conjunction with whom he 
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made many attempts ; but being repeatedly thwarted in per- 
fecting hie plans, ne separated from his partner, and mAt 
proporals to the uniTersities and the king's printers for the 
stereotyping of Bibles and pn^er-books. These all entered 
into the scheme with eagerness, and some works were pro- 
duced from plates quite equal to the ordinary printing of the 
day. Nevertheless, so much isnorance and prejudice pre- 
vailed amongst the workmen ana other interest^ persons that 
Ged was obliged to abandon the undertaking. He entered 
into several subsequent arrangements, in which he was 
equally unsuccessful ; a type-founder, in particular, cauanf; 
so much opposition that the invention made no progress. 
Qed died before he had met with much encouragement; and 
his son was equally unsuccessful, although, as the practica- 
bility was made more manifest, the very parties who had re- 
jected his plans, subsequently made extenuve use of his 
plates. What was Ged's method of stereotyping is unknown, 
as he kept it private ; nor did he fully communicate the se- 
cret to his partners. 

Fifty years afterward Mr. Tilloch made a similar invention; 
but from private circumstances the design was laid aside, not, 
however, before several volumes had been printed from bis 
stereotype plates at the press of Mr. Foulis. Some years 
after this, Lord Stanhope engaged an ingenious London prin- 
ter, Mr. Wilson, to prosecute the invention ; and after many 
trials, the noble lora's ingenuity succeeded in bringing the 
invention to practical use. 

When a work is expressly intended to be stereotyped, the 
spaces, quadrats, and leads generally used are somewhat 
different from those commonly employed, being cast of the 
same height as the stem of the letter, in order that the base 
of the plate may be more solid and of uniform thickness. 
When low spaces, etc., are used, plaster is poured upon the 
face of the type to fill up the interstices, and just before it 
sets the superiSuous plaster above the stem of the letter is 
removed by a brush, which damages the face of the type 
not a little. The page is composed in the ordinary manner, 
and very carefully corrected ; it is then imposed in a small 
chase with metal furniture, and the whole is placed within a 
moulding-firame, somewhat less than half an inch higher than 
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the type. The inr&aD of the type ii than tobbcd with a lafk. 
bnuh holding a bbiU qnantitf of nrj thin <nL 

^ThQ plaMer of Ptni (ajfrnm) of which the t&onid u 
flnmod u cf th« finest qnuUjr, and maj be porehaaed ready 
pnmatad. Haiing bera carefnll^ ndzad with water to the 
tUekneu of cream, a Bmall portion is gently poared upon 
flu torfiMe of the pega, and softly worked in with a brudi, 
eu* braue taken that eveiy part is fally oorered, and that 
BO luHmnilea remun. Then a larger qoandty if poared 
oo, and spread orer the preriona layer withoat dutnrbing it j 
• ibai|^t-edgo ii then pined over the moulding-frame, clear- 
ii^ away the sapeiflnooa plaster, and leaving that within the 
frame of nufiinn thickness. It is then left to set. Whra 
saSden^ diy, tbe monldiDg-frame la raised, and the tnonld 
with it, aom off the fiue of the page ; tbe mould is theo 
drsMed, and placed in a heated oren until it be perfectly dry, 
and rused to an adequate temperature for the outing. The 
oQ widi which the pi^ ia mhoed prerenta the plaster from 
adhering to the type. 

Hh melting-pot is a sqaare veaul of iron about two inches 
and a half deep, haTme a separate lid, of which tbe four 
eomers are eat off, the inner face being tuned true, but the 
oaUx face bdUow toward the center. A floating plate, ^ 
wlueh the tipper surfrce u tamed, is placed at the bottom of 
tiM' pot. Orec the melting-[ut is a crane with a rack, awm 
whi« a pair eS m^pen are made to ran. These lay hold oi 
ears npoo the melting^t, clouog with its weight, and open- 
ing when leliered. ^nte metal does not difier from type- 
metal, and most be saffi<»eDtIjr flaied to flow eaaly, but not 
made toohotjor it Till prove brittie. Tbe melting-pot baving 
been heated in the same oven with the mould, and oonse- 
^nenUy to tha same temperature, the latter ia jdaoed within 
it, the faee bong tamea down upon the floating-plate. A 
bar or other {ueoe d iron is screwed down upon that part of 
die lid wluoh is tamed hoUow ; and the whole being suspend- 
ed by tbe rack and crane, is swung over tbe melting-pit, and 
eradaalty let down uto the metiu, which flows g^tly into 
uie pot aioa^ the openings left at the comers. The metal 
flowue slowly in gradoally dispels all the air ; the mould 
immewately rises to the inner surface of the lid ; the float- 
ing-plate being specifically lifter than the metal, rises also 
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4o fhe edge <rf fbo monld ; iNNMeq^vantly the metal whioli bM 
nm in between is of the exact thiekneae of the depth of Ibo 
mould, the upper sar&ee being the field upon which are the 
oasts of the type, the under surface the smootii surface of 
the floating-plate, and the rest of the melting-pot being filled 
irith metal. The pot is allowed to remun immersed ten min- 
utes or aqoarter of an hour, that is, until the air is s upp osed to 
be perfectly expelled. It is then drawn up, and swung to a 
board resting upon a trough of water, and there allowed to oooL 
The cooling is a process reouiring much care and attention. 
It is obvious that unless uie whole mass cool e<^ually, the 
plate will be warped, and consequentiy spoiled ; it is equalljr 
clear that the heat will more readily ramate at the comeTS, 
and consequently that the center will remain fluid after die 
other parts are set, and that the contraction must be onequsL 
This is provided against by the Ud having been turned hol- 
low in uie center, and it will therefore allow tiie metal undor 
it to cool more rapidly. The mass having been turned out 
from the pot, the metal under the plate is separated by a 
smart blow or two of the mallet ; the floating-plate will be 
•readily di8eDga;;ed, and the mould be removed trom the cast. 
Some defects will invariably be found in a new plate ; but 
these are removed by the picker, who goes carefully over it, 
clearing away the picks from the &ce of the letter, and deep- 
ening the larger white lines with a graver, that they may not 
blacken in working at press ; for it must be remembered that 
the quadrats and spaces used in stereotyping are higher than 
those in movable-type printing. If the face of the plate has 
cooled evenly, and it is in other respects a successful cast, it 
is placed, the face inward, in a turning-lathe or planing-ma- 
chine, and the back rendered a plane parallel to the face ; 
the margins are then squared, and the edges flanched. The 
plate is now ready for use. If any errors or batters occur 
m the plates, they are cut out, and the corrections made with 
movable type let in and soldered at the back. 

A great improvement in the stereotype art was a number 
of years ago introduced by Mr. Thomas Allen, printer in 
Edinburgh, into his establishment, by which a number of 
plates are cast at once, whilst the risk of broken casts is con- 
siderably lessened. This is effected by means of a pot suf- 
^ciently deep to contain moulds placed in a perpendicular 
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position. The pot is an oblong square cast-iron box, widen- 
ing toward the mouth, and having placed inside, at each end, 
a wedge-like block, of which one face is parallel to the side^ 
while the other is perfectly vertical. On the vertical side 
are perpendicular grooves, at distances rather greater than 
the thickness of a stereotype mould. Into these grooves 
are inserted plates of malleable iron, by which the interior 
of the box or pot is partitioned into spaces sufficiently wide to 
admit with ease the plaster moulds. The moulds, when baked, 
being inserted into these spaces, a cross bar of metal is placed 
over the top, instead of a cover, which serves to prevent the 
moulds from being raised by the liquid metal flowing beneath 
them ; and it is then suspended upon the crane, and dipped 
into the metal-pit in the usual way. By this method not only 
the moulds are saved from all risk of breaking by being 
placed horizontally and pressed between the two broad surfaces 
of a float-block and cover, as in the method of single-page 
casting, but a number of plates are produced at one cast, and 
thus additional celerity is combined with greater certainty of 
sound plates. The plates of the Encyclopcedia Britannica^ 
which is the most extensive work ever stereotyped, were for the 
most part produced by this process, in pots containing each 
fivo moulds ; and it is especially advantageous for large plates, 
the risk of breakage by the old method increasing in a greater 
ratio than the increase in the size of the page. 

The plates are sometimes screwed down at the corners 
upon blocks of wood, the height of which is the difference 
between the thickness of the plate and the height of the 
type. This answers very well for jobs and standing adver- 
tisements ; but for ordinary book-work it is usual to have the 
blocks formed of several separate pieces of mahogany furnish- 
ed on one side and at one end with brass or iron catches (let in 
and screwed to the blocks), the upper part of which is turned 
over so as to take hold of the flange of the plate. But as 
wood is liable to warp and to other accidents, a plan has recent- 
ly been devised of making hollow blocks of type-metal of the 
requisite height and of different sizes, by means of which pages 
may be easily composed to any required size, the plates being 
fastened on by brass holders. At a small expense, once in- 
curred, the stereotype printer may furnish himself with 
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Uocks capable of bdng made vp to mnt iroifai of any meai- 
tore. 

There are many smaller inetmrnenUi recpdrntOi wbieh U k 
QDDeceseary to mentioQ. The founder requiree •onw prae- 
'tioal slull, which, howerer, it is not ffifficnlt to ao^ure ; and 
the excellence of the casts will depend npon hu penoul 
knack and observation. The best metsl m st er e o j ^piu g is 
composed of new metal and old type in moiedes. The price 
of prepared metal is about 28t. per cwt* The fidloinngy 
howcTer, are proportbns wlueh may be used when tibe jne- 
pared metal cannot be procored: 

1. From five to eight parts lead, one of regnlaSy one flfkielli 
of Uock-tin. 

2. . One seventh of pore regains, nx sevenlhi of leiL 
The best lead is that which comes from China, in the Bd^g 
of tea-chests. ^ 

The mixing of the metals is exceedingly injniioos to %e 
workman, and should be avoided whenever it is posnble. 
The foundery should be thoroughly ventilated, as the fumes 
from the melting-pit, and the moisture and smell of the 
drying oven, are very noxious. 

In some cases stereotyping is of great advantage ; but 
chiefly in books of numbers, in which it is of the utmost 
importance that every figure should be correct. In this case 
the proofs must be read again and again, until the correctness 
is unquestionable ; when once stereotyped, there is no fear of 
alteration from the error of compositors or carelessness of 
readers, but the book remains the same for ever. Such 
works also are most expensive in getting up, and the cost of 
composition very much exceeds that of stereotyping. Books 
of logarithms may be especially mentioned, tables of longi- 
tude, indexes to maps, and other works, which being once 
written, remain unchangeably the same, such as ready reck- 
oners, interest tables, etc. ; or when it is found expedient to 
havQ duplicates of the work where large numbers are reqmred, 
and it is necessary for speed to work on double-sized paper, 
the cast and the movable types are imposed together, and 
are worked side by side at the same moment, producing two 
copies instead of one. There is also another advantage, for 

* Id the United States, about $10 per cwt 
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die fterco^po remains without further expense for another 
tditioa ; agun, where it ia expedient to scod duplicate plates 
to cd»er couQtrieB to be worked. 

Wood-cuts siftT be stereotyped with great advantage ; for 

a bbmU (mt wbich has cost si'veral guineas to engrave may 

bt nultinlted indeSnitcly.aDdatacost of only a few shillings. 

No pnnter should stereotype by the common process who 

wishes his type to be a credit to bis house. The wear of the 

type in eastmg is very great, especially when low spaces, 

etc., ar« tued; the gypsum is at best a fine powder, and 

gpnds sway tho edge and face of the letter when rubbed in 

HHdi the brush, in a frightful manner. The letter can never 

^^m entirely freed from the plaster, and will present a very 

^^ply appearance ever af^cr. The wear of a font of 1000 

^^b. wnigtit, returned six times from the foundery, is greater 

ftiD would occur in six years' constant fair usage ; besides 

uluoh, the high spaces, quadrats and leads, are all extra ex- 

peAM*, for which the economical bookseller makes no remu- 

Deration whatever. 

IIa plan of stereotyping Bibles and prayer-books has been 
nearly abandoned, and the entire sheets are kept standing, in 
Bovable types, at a great expense, by the Queen's printer, 
and the nniversities of Oxford and Cambridge. Before every 
editioa, however, is worked, each sheet must undergo a care- 
lia] reading, in order to guard against accidents which may 
kara occurred since the last edition. 

Such ia the process of stereotyping at this time in com- 
mon ate, and which will probably continue in practice in 
TTOTiaeial and colonial printing-offices, by reason of the 
readinesi of tho materials and the knowledge now acquired 
by the woritmen. 

A gnmdy improved method has, however, been recently 
introdaeed bv Mesara. Dellagana, by which all the incon- 
vmiances incident to the existing system are obviated. The 
p*i;e ia composed with the ordinary spaces, leads, etc., and 
Acre is therefore no additional charge for composition ; the 
d<«tni«tivo tampering with the face of the type is avoided ; 
(he plaster^mould is not required ; and there is no necessity 
ht nrinpoaition, as the now moulds can bo taken from the 
psgH as they are imposed in the chases ; and the forms can 
be retamed to the printer within an hour from the time of 
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iWr being sent to the foundery. So great are the resonrcM 
nf Uiia mvention that the largest or the smalleat pa^s can 
be Ctkst with equal facilitj, and either plane or curved to suit 
4n periphery of cylinder machines. The pages, for instance, 
'■f 71Ae Londiin Timra newspaper are each cast in a single 
fUts, in a curved form to (it the cjlinders of the great 
flwofaines used in that establisliment. The fallowing is a 
Wef account of the process: 

• A page of a newspaper or a sheet of book-work (as inj- 
■ned), carefully cleaned and perfectly dry, is laid on an 
■OB chest previoQsly filled with hot water. A fine brush, 
^Tutg the whole of its surface slightly anointed with olive 
fil) tt rubbed over the face of the type to remove any picks 
Wt other impurities from the pages, which are then ready for 
Boolding. A substance, in appearance resembling two or 
three sheets of wrapper-paper pasted together, of a soft and 
palp}' nature (the matrix), understood to bo composed of an 
Mtrthy material very finely ground, and afterward felted to- 
gether, and which is not alfcctud by lieat, in a damp state, is laid 
imootfaly OQ the face of the type, and carefuU; beaten is 
with a brush until erery letter is indented into this substance, 
and the matrix is thus formed. The type, with the matiiz 
iinremoved, is taken to a press and subjected to a steady 
pressure, continued for two or three tninutes. The matriz 
M then removed from the type, which may now be retamed 
to the printer. Not more than ten minutes is required for 
these operatJoDB. The matriz is next laid upon a plate heated 
to 200° or S00°, and covered with a piece of Qannel (aa a 
Don-conductor of heat and an absorbent of the moisture gpn- 
wated in drying) apon which is placed a thin metal fdata ti 
the dimensions of the page or form, to keep the matrix flat. 
[t remains on this hot plate about two minutes, and U then 
ready for casting. The matrix, with its face upward, is now 
placed in a "register" flat or curved, as the plates are 
required to be plane or convex. The renter is formed of 
two iron plates, the inner surfaces of which are acouratdy 
planed ; these plstos are joined together by hinges at toe 
further end. The matrix is placed, fa)te uppermoat, on the 
lower of these plates, and is secured on three sides by an 
iron gauge, which varies in height according to the intended 
tliicknesB of the plate about to be east. The apper pUte ia 
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doeed OTer, and ihe two, inclosing the matrix, are firmly 
clamped together by an iron bar which passes oyer, with 
a screw in the center, which presses the two plates upon 
the gauge. The register swings upon trunnions ; and thus 
prepared, is turned into a vertical position, and the metal, at 
a temperature of 500^, is poured in through a mouth. In 
one minute the metal is set sufficiently hard to bear removal, 
the register is brought back to a horizontal position, the upper 
plate is thrown back, and the cast and matrix are taken out 
and placed (the matrix uppermost) on an iron table, which 
is flat or curved like the register, otherwise the cast in cool- 
ing would contract or spring, and its flatness or curvature 
would not be preserved. The matrix may now be carefully 
lifted ofi*, and, if required, again placed in the register for 
another oast. 

The curved casts for newspapers are fixed on the cooling 
table by four screws, and the dressing is performed by a tool 
on the lever principle, which cuts off the flange or waste piece 
of metal at the top of the page, and bevels it at the same 
time. For book-work, the under surface of the cast is planed, 
as in the ordinary mode. A little chiseling is required to 
lower the white and break lines, to prevent their blacking the 
paper when worked. The casts obtained by this process are 
remarkably true, and require little *' bringing up." The 
matrix is uninjured by the casting, and may be used a^n 
for any number of casts, or preserved for future use. The 
power of multiplying casts from the same matrix is of im- 
mense advantage where large numbers are required to be 
printed in a short space of time. As before stated, a matrix 
and the first cast may be obtained in less than a quarter of 
an hour, and several subsequent casts will not require more 
than five or six minutes each. In half an hour, therefore, 
several machines 'may be at work simultaneously. 

It is of course not necessary that any cast should be taken 
from the matrix ; and therefore when a second edition of a 
book is doubtful, the matrix only need be made, and may be 
kept until required, at a cost of not more than one-third of 
a casting ; and when used, may be put by without inconven- 
ience, and another cast taken when the first is worked out 
or injured. 

In book-work also this process will be found of great ad- 
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vantage, as compared with the charge of recompoeilion. 
The matncea of a work of 500 pages would occupy no mora 
space than a ream of demy, and not weigh more than 
10 lbs. They will remain unchanged for yeare if preserved 
free from damp or water. 

The coat of casta by this process is about 10 per cent, less 
than by the ordinary mode ; and the proportions of lead and 
regains used in the composition uf the metal are those given 
above in recipe No. 2, 

The great excellence of the imperial Austrian printing 
establishment in the art of stet retyping should not escape 
mention. In the Kxhibition ff -851 were some magnificent 
moulds taken from type by electrotyping or galvano- 

plaatic process. From these moulds other copies in relief 
were obtained by doubling the process, which are stated t« 
produce beautiful work ; or casts in type-metal could be taken - 
of great perfection. A curious specimen was also exhibited, 
the work of the Ruheland ducal foundery, of a stereotype- 
plkte of cut-iron. 



Many considerable improvements in stdreohr[nng ire to be 
ascribed to French artists ; but stereotyping has never been 
a favorite with them, and they have rather exerted thrir 
inventive talents in a series of ezperimenta which may be 
classed under the general name of pol^ftypage. 

In 1780 HoSisaD, a Oerman reuding in FrtBce, not sttia- 
fied with his success in stereotyping, made many ingemooi 
experiments in polytypage. Whilst he was thus ennged, a 
practical printer named Carez discovered a meth<M whid 
Hoffman afterward pursued. The page, after being composed 
in the ordinary manner, was attached, with the face aown- 
Word, to the under side of a heavy block of wood, suspended 
from a long beam. Immediately under the page was an anvil, 
■ I which " 



whereon waa a tray of oiled paper into which ^e workmen 
poured a portion of type-metal, atteoUvely watching the 
cooling. When the metal was on the point of setting, the 
>age, mock, and beam, were brought down with a very amart 
>low, forcing the face of the type into the setting metal, and 
producing a very sharp matrix ; which agaiD was made to 
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take the place of the type upon the block, was struck in a 
similar manner upon the fused metal, and thus produced a 
perfect and excellent poljtjpe plate. This having been 
properlj dressed at the edges and back, was affixed to the 
usual wooden raber and made type height, and might be 
printed separately or in conjunction with movable type. 
Several casts might be made from the same mould. Tms 
process was designated cliche. 

Ign, a native of Alsace, who settled in Paris as a printer 
in 1784, availing himself of the discoveries made in the art 
of stereotyping, endeavored to extend them by inventing 
logotypy, or the art of uniting several characters into a single 
type. He printed on solid plates several sheets of his Jour- 
nal PolvtypCj and advertised Father Chenier's Becherches 
Mur U$ MawrcBy 8 vols. 8vo, as a poly typed book; but being 
deprived of his printing-office in 1787 by a decree of the 
council, he was prevented from executing his design. 

In 1791 M. Gegembre made considerable improvements 
in the art of polytyping in printing the fifty-sous notes of the 
Caisse Patriotique. He caused the whole print of the notes 
to be engraved in relief upon a plate of steel, and this en- 
graving he pressed into a plate of copper, from which poly- 
type casts were taken. Any number of these casts could be 
taicen from the copper mould, and if by chance the copper 
mould became injured, a new one could be readily made from 
the steel engraving. 

When the revolutionary government commenced issuing 
assignats, it became necessary to have an immense number 
of plates to work the enormous quantity required of these 
documents. A design having been approved of, artists were 
employed to engrave three hundred fac-similes. Of course, 
if three hundred so-called fac-similes could be engraved, other 
artists would find no difficulty in engraving another hundred, 
nor could even the bank-officers tell which document was 
printed from a forged fac-simile and which from the plates 
engraved by their authority. The consequence was an utter 
want of confidence in the government paper. To remedy 
this, the committee of assignats caused many experiments to 
be instituted for the production of plates which should be not 
only imitative and similar, but pro re identical. The plan 
adopted was the engraving a plate in intaglio on steel, from 
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which copper matrices were obtained in rtUff. From these 
perfect fac-similea of the original engraving were struck and 
were worked by the ruller-preBS in the manner of copper- 
plates. But it waa a great defect in thia process, that the 
air coropreased within the hollows of the k-ttera fre<iiienllj 
destroyed the form in the reproduction. Upon the euppre*- 
sion of assignats this eatallishnient naa broken up ; but some 
of the platea and matricea are preserved in tbe public reposi- 
tories of France. 

Polytyping, as now practiced in England, is con6ned to 
the production of casta from metal platea in intaglio and from 
wood-culs. Instead of the cnoabrous machinery employed by 
Carez, a fly-press ia used, the wood-cut ia fixed upon what 
may bo called the platen, and a tray contaiaing semi-fluid 
metal is placed upon the table of the preas immediately under 
the cut to be maCriced. By a slow motion the cut is \m- 
pressed into the metal, and an intaglio matrix is produced, 
i'he matrix is then attached to a drop stamp to perform the 
cliche process, and by the rapid descent of the stamp with 
the matrix attached into a tray of molten metal, a polytypa 
in relief is obtained. The type-founders have adopted this 
process for tbe production of casts for tbeir ornamental de- 
signs ; and Mr. Bramston has practiced this mode so Bnccess- 
fully that he is able to take Fac-simile polytype casts of the 
most elaborately engraved wood-cuts, without in the slightest 
degree injuring the original. 

A method of producing raised surfaces for the purposes of 
printing has of late years been extensively used in Paris and 
London, chiefly for forming maps and rough designs for the 
cheap illustrated press. The art is of French origin, but has 
been patented in England. In a patent granted in 1S58 to 
Mr. Vizetelly it is described for "improvements for prodoo- 
ing plates for printing surfaces, by which tbe manipulatorj 
process of engraving is superseded." 

A plate of highly-polished ^nc, copper, or stcci, is thor- 
oughly rubbed over with very fine pounce powder moistened 
with water, and then with a soft dry piece of linen it b agun 
rubbed unUl no greasy appearance remains on tbe surfac^ 
which is DOW in a fit state to Plf eive the transfer. 

Where the engraving has been recently printed, say witlun 
a tnoDth, the transfer is thus eSected : The print is satked 
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for fi?e miDntes in a flat dish containing a liquid composed of 
seven parts of water, one of azotic acid, and six drops of phos- 
phoric acid. It is then taken out and placed between two 
sheets of blotting-paper, to absorb the superfluous moisture, 
after which it is laid on the prepared plate and covered with 
a sheet of soft paper, and subjected to the strong pressure of 
the lithographic press. When the transfer is thus effected, 
the plate is washed with a sponge moistened in a solution of 
gum-arabic, slightly acidulated with nitric acid ; this prep- 
aration having remained on the plate for five minutes, is 
sponged off with clean water. While the plate is still wet, 
a lithographic roller charged with ink composed of bitumen 
of Judsea, powdered very fine with a muller and mixed with 
linseed oil, is passed over it. The linseed oil must be of the 
purest quality, and be boiled for at least an hour, and after- 
ward filtered through a felt bag containing some animal black. 
For zinc plates, lithographic transfer-ink and melted virgin 
wax, well mixed and ground together, must be substituted. 
When the plate is well rolled over with this ink, it will be 
observed that the transfer only has taken up the ink, the 

Earts of the plate where the lines of the print do not occur 
aving no power to take it up. While the ink is still wet, 
some resin, ground to an impalpable powder, is distributed 
over the plate with a piece of cotton wool or a camel's hair 
brush, care being taken that it adheres to the inked trans- 
fer only, and not to the other parts of the plate. The plate 
is now placed over a spirit-lamp, and gradually heated until 
it becomes luke-warm, in which state it is allowed to remain 
undisturbed for at least two hours ; if expedition is not re- 
quired, it will be better not to disturb the plate for twelve 
hours, as the resin and ink will then have thoroughly com- 
bined, and more completely protect the portions of the plate 
covered by the transfer from the corroding action of the acid, 
by which the surface in relief is produced. Before the plate 
is subjected to this " biting" process, it is necessary to cover 
its back with a varnish or other substance, to protect it from 
the action of the acid. When this is done, it is placed in a 
slanting position, and a liquid composed of nitric acid, diluted 
to about 4^ Reaumur, for zinc and steel plates, and to about 12^ 
for coppers, to which is added a table-spoonful of spirits of 
wine to every half-jdnt of acidulated water, is applied with a 
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detoapoDgitothttSDr&eeof thtplAto. nuibAtluiigk«»< 
tuiDsd tor » qoartn of an hoar, tod pure vtter.k thtit ponred 
onr tb« plate until the acid ia entire!/ waabed «C Tm plate 
is then a^n iponged orer with the ali^tly-acodnhted ngi- 
vater, reinked, sabmitted to the aotum of (be uidQuted 
water, and washed with pure water aa aboTe deaeribed; wot 
iheae apeiatioDi are repeated toar or fire timoa, nntil diaax- 
poeed portion! of the plate are ao mneh Intten aw^ b* tba 
aoid aa to leave the tranafer anffieientlj in relief to be pentad 

'Tba " whites," i. & the blank spaoea b the enpaYiaf^ mmk 
be lowered or removed to prerent thmr reoeivin^ tbe ink k 
proceae of printing, and blaeUng the PUier. Thia ia efleoled 
Dj oorering the anrface of the raiaea linea of the tmaiAr, 
and the ai^s also where practicable, with enparer'a nndah, 
wUch ia composed of bitumen of Jodsea diaaured in ewancs 
of turpentine, with tiie additim of lamp-Uaok to make it of 
a proper conustenoj, and allowed to stand two boors befbre it 
is used. The plate is then bathed with the solution of acid- 
ulated water and spirits of wine, and washed as before de- 
scribed ; but in this operation a stroDser solution is used, 
being 8° instead of 4°. Where the whites are very large, 
essence of Bpikenard (aspic) is substituted for essence of tni^ 
pontine, or tiiej maj be lowered bj scrapers or gouges, or ent 
out with a fine saw. Great care must t>e taken that the U- 
tumen is entirely dissolved, and that the Tamish is made of 
the proper consistenc;. 

A raised printing surface being now produced, the plate is 
cleaned with turpentine and well rubbed over with charooaL 
after which it ma; be mounted on raisers to type height, and 
used as a stereotype cast. 

When an old print is to be transferred, it is treated in the 
manner commonly employed by lithographic printers prior to 
making a transfer. 

AnattaUc printing is a process by n^Llch a print, whether 
from type or a copperplate, may be reproduced without draw- 
ing or engraving. The print is saturated with a strong so- 
lution of nitric acid ; it i? tlicn placed between sheets of blot- 
ting-paper, and the auperSuow^uid absorbed ; afler which it 
is lud, face downward, uponH polished plate of ^nc, and 
another placed over it. The plates are then passed between 
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iroo rtdkn, tad sobjeoted to great pressure. The nitric acid 
is thus sqoeeied oat upon the zinc, except in those parts which 
are protected hj the ink of the old print. The acid bites 
away the line, and a rough surface is produced, the protected 
parts continubg bright and unaffected. The plate is then 
wetted with a solution of gum in water. The corroded sur- 
faces retain the fluid, while the unaffected portions remain 
drj. A roller charsed with the ink used bj copperplate 

Srinters is then rolled over the plate: the ink covering the 
Tj and being repelled by the wet surfaces, This is repeated 
until the lines of the pnnt are well covered with the ink-^ 
a process which is rapidly effected if the ink of the original 
pnnt is fresh, and has parted with a portion of its oil under 
the pressure of the rollers. Impressions may now be read- 
ily taken in the same manner as lithographic prints. 

PRINTING FOR THE BUND. 

The invention of printing for the blind forms a new era in 
the history of literature. In European countries, one indi« 
vidual in every 1200 or 1400 of the entire population is blind, 
and in America one in every 2000. To open up to this large 
and unfortunate class such a source of profit and pleasure as 
reading could afford was long considered very desirable, and 
also very doubtful ; but while, of late years, embossed books 
have very rapidly increased, it is exceedingly gratifying to 
find that blind readers have far more rapidly multiplied. The 
credit of this invention belongs to France. In 1784 Valen- 
tine Ehiiy printed the first book at Paris with raised letters, 
and proved to the world that those for whom such books were 
intended could easily be taught to read with their fingers. 
He seems to have caught the hmt from a blind pianist of Vi- 
enna, who distinguished the keys of her institiment by the sense 
of touch. After many experiments as to the form of his raised 
letters, he at last chose a character a little approaching the 
Italic. A new institution was at once established — Institu- 
tion Royale de$ JmmM AveugUs — and Haiiy was placed at 
the head of it. Tw«ity-four of his pupils exhibited their at- 
tainments in readin^i writing, arithmetic, music, and geog- 
raphy, before tiie kiM and the royal family at Versailles, on 
the 2'6th Decemberi !u86, to the very great delight of those 
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hi^ penonaget. In 1814, whan Haily was f mn o mA off. 
Dr. Goilli^ was choaen in his stead. - This entapririnff dm^ 
teur^general modified Haiiy's letters, and prosaented Ae mIh 
lication of embossed booln with renewed vigor. BtSI, how* 
ever, very little progress was made toward tbe mtmmom ef 
Haiiy's system ; and their books eoold only be read by those 
possessing a very delieate tonch. In 18(MS M. Hafij ealab- 
fished sohoola for the blind in Oermsny and St. Petenibvg, 
but they have made very slow progress. It was in Seolland 
and the United States that improvements were first made in 
embossed typography. To Mr. James Oali of Bdinbnri^ be- 
longs tlio merit of reviving and improving this vofy usefid 
art. After canvassing every form of letter, he at last adopt- 
ed his angular alphal^t. Before 1826, when Mr. Gmll be- 
ma his experiments, not a single blind person nni^ the 
English language could read by embossed printing. On the 
28th September, 1827, he published A Fint Book fir 
Teaching the Art of Beading to the Blind^ the first . hofk 
printed for the blind in the English language. In October, 
1884, this zealous individual published in a perfected alpha- 
bet The Gospel hy St, John^ for Hie Blind. The text, whicli 
was embossed, and, unlike his former effort, printed not with 
wooden but with metallic types, consisted of 141 pages, wiA 
27 lines on a page of 70 square inches. This book was 
counted a great improvement, but it was objected that the 
types were too angular. He afterward printed a number of 
books with serrated edges. It is unquestionably to Mr. Ghill, 
more than to any other man, that the interest in the educa- 
tion of the blind was awakened throughout Great Britiun 
and America. While Mr. Oall was engaged in perfecting 
his plan in this country. Dr. S. G. Howe, of the Perkins 
Institution, Boston, United States, was busily engaged in de- 
veloping his system. In 18S3 Dr. Howe began, like Gall, 
by taking Haiiy's invention as the basis of his system, and 
soon effected those improvements upon it which have given 
so wide a fame to the Boston press. He chose the common 
Roman letter of the lower case, reducing it by cutting off 
the flourishes, etc., until it occupied but a space and a half 
instead of three. This alphabet remuns unchanged. So 
rapid was his progress, that in 1836 he printed in relief the 
whole of the New Testament for the first time in any Ian- 
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guagc, in 4 small quarto volumes, comprising 624 pages, for 
four dollars. More than twelve times this amount has now 
been printed, and seventeen of the American States have 
adopted Dr. Howe's method. 

The Society of Arts in Edinburgh awarded a medal, on 
the 31st of May, 1887, to Dr. Fry of London for the inven- 
tian of an alphabet, which seems, however, to have been in 
use in Philadelphia since 1833. Mr. Alston of Glasgow im- 
proved upon Fry's alphabet, by reducing the size of the let- 
ters, and sharpening the embossing. In 1840 Mr. Alston 
published the entire Old Testament in 15 quarto volumes, of 
2535 pages, and 37 lines to a page, in double pica type. 
Alston, in his just pride, designated this '^ the first Bible ever 
printed for the blind ; " in which he was wrong, however, for 
Boston had claimed the honor years before. Some 70 dis- 
tinct volumes have been printed by the Glasgow press ; but 
since the death of Alston, on the 20th of August, 1846, it 
has almost ceased to work. Since 1837 it has supplied Eng- 
land, Ireland, and Scotland with embossed books in Roman 
type. The best of all the arbitrary systems is that of T. 
M. Lucas of Bristol, who set it on foot about 1835, and which 
" The London Society for Teaching the Blind to Read" has 
been gradually improving since its establishment in 1839. In 
May, 1838, ^^ The London and Blackheath Association for 
Embossing the Scriptures" adopted the phonetic method of 
James Hartley Frero. A cheap plan of embossing or stereo- 
typing was devised by Mr. Frere in 1839. Hb books read 
from left to right, and back, after the ancient Greek jSou- 
(rrpo9»i^ov writing. Mr. Moon, of the Brighton Blind Asylum, 
has slightly improved on Mr. Frere's method. Dr. Howe's 
typography is judged, however, to be superior to the British 
both in cheapness and in size. There are at present no less than 
five different systems of typography in use in Great Britain. 

The following table shows the results of the six systems of 
printing for the blind used in the English language, taking 
the New Testament as a standard of comparison : 

8 
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OTHER PROCESSES. 

To the magnificent establishment of the imperial printing- 
office at Vienna we owe the introdaotion of sOTeral pro- 
cessesy which, though not founded on the use of type, belong 
to the art of printing. The description of these new arts is 
derived from the Reports of Jurors of the Exhibition of 
1851.* 

Galvano-plaatio Process. — The Austrian department con- 
tained some extraordinary prints of fossil fishes, which were 
produced by the following process : By means of successive 
layers of gutta percha applied to the stone inclosing the pet- 
rified fish a mould is obtained, which being afterward sub- 
mitted to the action of a galvanic battery, is quickly covered 
with coatings of copper, forming a plate upon which all the 
marks of the fish are reproduced in relief, and which, when 
printed at the common press, gives a result upon the paper 
identical with the object itself. 

Qalvanography. — The artist covers a plate of silvered cop- 
per with several coats of a paint composed of any oxide — such 
as that of iron, burnt terra sienna, or black-lead — ground with 
linseed oil. The substance of these coats is thick or thin ac- 
cording to the intensity to be given to the lights or shades. 
The plate is then submitted to the action of the galvanic bat- 
tery, from which another plate is obtained reproducing an in- 
taglio copy, with all the unevenness of the original painting. 
This is an actual copperplate resembling an aquatint engrav- 
ing. It may be touched up by the engraving-tool. This 
process has been improved upon by outlines etched in the 

* At London. 
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Qsnal manner, and the tones laid on with a roulette. A 
galvano-plastic copy of this sunk plate is obtained. On this 
second raised plate the artist completes his picture by means 
of chalks and Indian ink, and puts in the lights and shades; 
from this a second galvano-plastic copy is produced. This 
second copy or sunk plate, the third in the order of procedurOi 
serves, after being touched up, for printing from in the cop- 
perplate-press. 

Galoanoglyphy. — Upon a plate of zinc coated with var- 
nish a drawing is etched ; then ink or varnish is rolled over. 
The ink adheres only to the parts it touches, every applica- 
tion when dry raising the coating and consequently deepen- 
ing the etched lines — a galvanic battery produces a plate in 
relief, which is printed at the common press. 

Chemitypy. — A polished iinc plate is covered with an 
etching-ground. The etching is bitten in with diluted aqua- 
fortis. Remove the etching-ground, and carefully wash out 
the aquafortis. Heat the plate thus cleansed over a spirit- 
lamp, after covering with filings of a fusible metal, until fu- 
sible metal has filled all the lines of the engraving. When 
cold, scrape down to level of zinc plate until none of the metal 
remains but what has entered into the engraving. Place 
compound plate in solution of muriatic acid ; and as of the 
two metals one is positive the other negative, the zinc alone 
is eaten away by the acid, and the fusible metal which had 
filled the lines of the engraving is left in relief, and may be 
printed by the common press. 

JPaneiconography. — On a polished plate of zinc draw with 
lithographic crayon or ink, or transfer impressions from lithog- 
raphy, wood engraving, or copperplates. The thickness of 
the drawn lines is increased by repeated rollings or powdered 
resin. For relief-block, place plate in trough of very dilute 
sulphuric or hydrochloric acid. The acid eats away the 
unprotected parts of the plate, and leaves raised lines of the 

protected parts. 

•J 

NATURE-PRINTING. 

Mr. Henry Bradbury, who has had a principal share in 
introducing this beautiful process into England, describes it 
as a method of producing impressions of plants and other 
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natural objects, in a maBoer eo truthful that only a close in- 
spection reveals the fact of their being copies. So deeply 
sensible to the touch are the impressions, that it is difficult to 
persuade those nho are unacquainted with the tsanipulation 
that they are the production of the printing-press. The 
process, in its application to tfae reproduction of botanical 
subjects, represents **"" ■•■"" f"—", and color of the plant, an4 
all its most minute u .i\ o the smallest fibers of the 

roots. The distinguisi , fe 'O of the process, compared 
with other modes of graved surfaces for printing 

purposes, consists, I , ._ nting natural objects — such 

as plants, mosses, sl- . ers, and embroideries — into 

plates of metal, causin^ ere, the objects to engrave 

Uieroselves by prePsnT- ■ indly, in being able to take 

such casts or copies led plates as can he printed 

from at the ordinary \.^yij^\ press. 

The art is by no means iie idea, many persona having 
attempted something analogous to the present process, and 
produced results which were imperfect, merely because science 
had uot yet discovered an art necessary to its practical devel- 
opment. It is to the discovery- of electrotyping that the exist- 
ing art of nature-printing is due. 

The progress of the art, and the persons to whoso ingenuity 
the steps were severally due, are stated by Mr. Sradbury 
thoB: 

Professor Kninhof of Erfurt took impressions from leaves, 
etc., which had been colored with lamp-black, printers' inlc, 
etc., 1728-57. 

Kyhl, a goldsmith of Copenhagen, took copies of natural 
objects in plates of metal between two steel rollers. These' 
were not for the purposes of printing, hut for reprodactlon of 
embos^ng and ornamentation in metal. 1833. 

In 1851 Dr. Ferguson Eranson of Sheffield read a paper 
before the Society of Arts, in which he detailed some experi- 
ments in nature-printing. He had taken impressions from 
plants, etc., in gutta percha, for the purnose of having them 
printed. The experiment fiuled througffthe softness of the 
material. Dr. Branson then bethought himself of the elec- 
trotype process ; hut appears to have found it too tedious and 
eosuy, and fas abandoned the idea. 

la 18i9 Fro&B«or LejdoU of Yiemia availed himself oi 
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the facilities afforded hj the imperial printing-office to carry 
oat experiments in the representation of flat objects of min- 
eralogy, — sach as agates, fossils, and petrifactions, — and 
obtained great results. Soon after, Haidinger and Abbate 
suggested, the former the reproduction of plants, etc., and 
the latter the representation by this means of different sorts 
of ornamental woods on woven fabrics, paper, and plain wood ; 
and lastly, Andrew Worring, of the imperial printing-office, 
Vienna, perfected the application of these processes to print- 
ing, 1853. 

These circumstances are dwelt upon at some length, because 
nature-printing is yet in its infancy, and appears capable of 
development to a degree at which it will be an impressorial 
art of greater importance than any which has been invented 
since the art of printing itself. Worring's services were so 
hi;;hly estimated that the emperor rewarded him with a mu- 
nificent gift, and with the Order of Merit. 

The plant, perfectly dry, or any other suitable subject, is 
placed on a plate of fine rolled lead, the surface of which has 
been polished by planing. The plate and subject are then 
passed between rollers, by the pressure of which the subject 
is forced into the surface of the lead. The leaden plate is 
then subjected to a moderate heat, by the action of which the 
subject is loosened from its bed and easily removed. This 
mould is then subjected to the galvano-plastic process, the 
second cast being a perfect fac-simile of the leaden mould. 
When the subject to be printed is of one color only, that 
pigment is rubbed in, and any superfluity removed ; but 
when it is of two or more colors, the process is simple, but, 
it is believed, perfectly novel in any process of printing here- 
tofore practiced. In the case, for instance, of flowering 
plants, having stems, roots, leaves, and flowers, the plan 
adopted in the inking of the plate is to apply the darkest 
color, which generally happens to be that of the roots, first ; 
the superfluous color is cleaned off; the next darkest color, 
such, perhaps, as that of the stems, is then applied, the 
.vJI»erfluou3 color of which is also cleaned off; this mode is 
continued until every part of the plant in the copperplate has 
received the right tint. In this state, before the plate is 
printed, the color in the different parts of the copper looks 
^ if the plant were imbedded in the metal. The plate thus 
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charged, with the paper laid over it, is placed upop a coppe^ 
plate-press, the upper roller of which is covered with five or 
six layers of blanket of compact fine texture* The effect of 
the pressure is, that all the colors are printed by one imprei- 
sion ; for when the paper is removed the plant is seen quite 
perfect, highly embossed, with the roots, stems, and other 
parts, each of its proper tint. 

The great national work which the Austrian establishment 
has produced as the exemplar of the new art is truly imperitL 
The Phymtypia Plantarum Austriacarum consists of fin 
volumes large folio, containing 500 plates (about 600 plants), 
with a quarto volume of plates and text. The first produe- 
tion of the English press, though it will bear no comparison 
in extent with the imperial magnificence of the Austrian 
work, fully equals it in beauty of execution. It b The Fenu 
of Great Britain and Ireland^ by Thomas Moore, edited by 
Dr. Lindley, imperial folio, with 51 plates. It is printed bj 
Mr. Bradbury. 

PRINTING IN COLORS. 

One of tho most beautiful aids to typography, the art of 
printing in colors, has been unduly neglected in this country; 
at least so far as relates to the embellishing works of ordinary 
excellence with vignettes, capitals, tail-pieces, and other 
devices of fancy, in beautiful tints, in the manner of the 
early typographers. It is true that some very beautiful 
works, illustrated with remarkable richness of design and 
color, have been produced ; but these have been executed 
rather as examples of the beautiful in art than as books, — the 
work of the artist has been the principal object, and the work of 
the author the occasion and vehicle. In other works, chiefly 
ecclesiastical, the object has been to reproduce in facsimile 
the rich illuminations of the monkish scribes. But as regards 
the average printing — the literature of the day — the art of 
printing in colors has been very much neglected. This may 
very easily be accounted for. To print in two colors occu- 
pies more than twice the time necessary to print in one ; and 
it also requires more skill and ingenuity. These unfortunately 
must be paid for ; and this pecuniary consideration is suf- 
ficient to banish from our pages this lovely art. So did not 
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oar forefathers ; they took pride in chooeing the most tasteful 
designs, the most harmonious colors, to illuminate their pro- 
ductions, and beguile the reader into study by the illusive 
charms of gold, and blue, and crimson. Fortunately, either 
time was of little value, or the exclusive possession of the 
market enabled them to demand remunerating prices for the 
lime thus well bestowed ; but in the bustle and competition 
of our more mercantile days, time is money, and blue and 
gold, scarlet and green, give way to the equally useful but 
infinitely less beautiful uniformity of unredeemed black. To 
a country printer, however, some knowledge of color-printing 
would be of advantage, because, as his fonts of type are 
more limited, he can create unlimited variety by a judicious 
use of colors in job-work : moreover, as he has usually much 
more time upon his hands, his ingenuity would have ample 
scope for the production of small works of vertu^ in a taste 
which cannot be indulged by the denizens of a busy me- 
tropolis. 

Except in the execution of works of a very high order, 
and the imitation of intricate and delicate patterns, printing 
in colors requires no addition to the ordinary accomplishment 
of printing, other than considerable ingenuity ana a litUe 
practice in preparing the colors. The latter may, ic is true, 
be purchased of the ink-maker, prepared for use ; but the 
charge for them is enormous, and they require constant replace- 
ment, whilst it is not possible to have on hand every variety 
of tint. By the purchase of the most simple materials from 
the oil-shop, the ingenious printer has at his hand every color 
that fancy can require, at the most moderate cost, without 
waste or delay. The appliances are few and cheap : a muller, 
a marble slab, and the pallet-knife ; the materials, a can of 
printers' varnish, to be purchased of the ink-maker, which 
will keep any length of time, and the raw colors hereafter 
given, which may be purchased from time to time ; care, 
however, being taken that they are of the best quality, or 
they will fade and turn rusty in a short time, and be a de- 
formity instead of an ornament to the work. 

Useful tints of red may be prepared of orange lead, ver- 
milion, burnt sienna, Venetian red, Indian red, and lake. 
Vermilion is the most brilliant of these reds ; but its beauty 
depends very much upon the particular parcel used. The 
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ion 13 best for a bright tint, as tho dart, wW 
tiie varnish, produces a dull red. Orange lead 
ana verrauion groun;! together produces a verjf bright tint, 
■which is more permanent than vermilion alone. 

Yellows are prepared with yellow ocher, gamboj^e, and 
chromate of lead. Of these, the brightest is the chroiDe; 
»">l[ow ocher, when mixed with the varnish, produces a verj 

I tint. 

Blues are made from indig" russian blue, and Antwerp 
blue. Of these, indigo is e dingly dark, aud not rery 
asily lightened, Prussian bii is a very useful color; Aot- 
werp blue is very light. 

GreeriB may he produced fr a a mixture of any of the 
blues and yellows, OS gamboj d Prussian blue, chromate 
of lead and Prussian blue. ese may be mixed in any 

Eroportions until the requlrea unt is produced ; but it must 
e remembered that tho varnish has a considerable yellow 
tinge, and will produce a decided effect upon the mixture. 
With a slight portion of Antwerp blue it will, without tho 
mixture of any of the yellows, produce a decidedly greeoish 
tinge. 

Purples of any degree of richness are made by judicioosly 
mixing reds and blues. 

Srnpia produces a nice brown tint, burnt umber a very hot 
brown, raw umber a much lighter brown, bister a brighter 
still. Neutral tints may be obtained by mixing Prussian 
blue, lake, and gamboge. In fact, every pigment that 
painters use can also be used in printing, avniaiug, as much 
as possible, all heavy colors. In truth, if the printer is 
desirous of imitating any particular color, or of producing 
any particular tint, he cannot do better than conault the 
nearest artist in oil or water colors (oil in preference), or in 
default of that, the neighboring house-painter. 

The necessary colors having been procured, the method of 
preparing them ia very simple. Each must first be well 
ground by the muller upon the slab, even although they may 
have been purchased well powdered. The color should then 
be well mixed with the pallet-knife with the varnish, until 
the pigment has attained the required consistency, which will 
vary with the quality of the work ta be executed ; for if it 
be a posting-bill or coarse job, the ink should bo very thin, 
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tnd consequently a much larger proportioa of Tarnish should 
be used. If, however, the work be a wood-cut, or in small 
type, the pigment should be made as thick as possible. If 
the color required be a compound, the predominant tint, 
ahould be first mixed with the varnish, and the lighter tint 
added in small quantities, until the exact shade required be 
produced. Thus, if the color be a dark green, the blue 
should be mixed up first, and the yellow added ; but if it be 
a very light green, then the yellow should be first applied, 
and the blue added. If the tint desired be exceedingly light, 
it will be found that the quantity of raw material to be 
employed will not make the mixture sufiiciently thick to be 
applied to the type or wood-block : in this case whitening is 
added .to thin colors, and dry white-lead to the heavier, in 
considerable quantities, which must be adjusted in the course 
of mixing. To insure thorough combination, the mixture 
ahould be scraped into a comer of the slab, and a very small 
portion of it spread with the pallet-knife, and well ground 
with the muller until no specks or lumps appear, then scraped 
up and placed in another comer. This should especially be 
done when white-lead is used, as it will be found that every 
little lump when crushed will produce a white streak upon 
the slab. If this be not carefully done, independently of its 
tendency to clog the type, it will very materially alter the 
tint. When the pigment seems sufficiently mixed, it is better 
to bray it out with the muller instead of the usual brayer, and 
grind again each particular portion immediately before it is used. 
Colors may be worked either with a ball or a roller. If the 
job be large and coarse, and the ink consequently thin, the 
roller will answer every purpose ; but if it be small, and 
requiring much nicety in the manipulation, decidedly with a 
ball ; but in either case the ink should be well distributed, 
and the form well beaten or rolled. When two or more 
colors arc employed, they must be worked at as many differ- 
ent times. In this case extreme nicety in the register and 
justification is required, in order that every color may fall in 
its just place, without overlaying any other tint employed in the 
print. This would be a great dis-sight in any case, but most 
especially where the combination of colors would produce a 
third ; as, for instance, if any part of a blue line should 
unfortunately fall upon a yellow, a green outline would be 
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The Bimplest way to guard against thia is to haw 
ocks all cut to precisely tho Baing size, with tht 
it m ine proper place upoo each ; when, therefore, thi 
:st color has been worked, the form is unlocked, the block 
._ken otit, and tho second block inserted ; it tlien falU at 
once into its proper position. If t!io form consist of type, 
each line should be carefully composed in its proper body; 
tliat is, if three colors be em:^'iyed for as many dilfereut 
lines in pica, small pica, and r primer, tho one to be first 
worked should be composed in ja lettfr», the other lines in 
all pica and long primer quae its. When the second line 
:o be worked, its quadrats sh. Id be taken out and letlera 
erted, while the type of the tirst line should be rcmorcd 
-..i quadrats substituted; i so of the third line. The 
points on the tjmpan must or bo moved. It is clear, 
therefore, that if the paper h< aced upon tlie same point- 
holes as before, and if tho form has never been moved, the 
new lino cannot fail to fall in its proper place. In these cases 
the paper must never be suffered to dry; indeed the sooner 
each color succeeds the other the better. If it be covered 
with a wet blanket, and the edges well sprinkled, the danger 
vill be little ; but if it should dry and shrink in the slightest 
degree, it will be impossible to obtain register. For printing 
red-letter days in almanacs and the rubrics in prayer-books 
(an almost extinct practice), an especial type is used called 
rubrical ; it is cast about an m higher than ordinary type. 
The black is first worked, quadrats having been inserted in 
tho places of the red-letter, which are subsequently with- 
drawn and the rubrical typo inserted. But as, in bo small 
an insertion in so largo a body this process does not attain 
any very good register, and is expensive withal, the red-letter 
days have been abandoned, and some other distinguishing 
type (generally old English or black) has been substituted, 
which sufficiently indicates the day. It would not be possi- 
ble here to give sufficient instructions to enable the printer to 
execute landscapes, portraits, and other delicate subjects, is 
various colors and sbades. The difference between this and 
other color-printing constats mainly in the superior individual 
skill and ingenuity of the artist, the excellence and truth of 
his engravings, and the superiority of his appliances. In 
truth, before the printer can produce any great efiect, he 
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most be ezoellenUy qualified as a painteMwhkh it is not the 
province of an article on printing to teach. It will be suf- 
ncient to state that the lignter and more extensive tints, and 
espedallv those in which transparent colors are used, ar% 
worked first ; that the color is gradually deepened by success- 
ive blocks until the required efiects are produced ; and that 
the ootUne is nrinted last, which has the effect of giving 
sharpMW snd miish to the design. 

The curious reader is referr^ to Mr. Savage's beautiful 
boftk on Decorative Printing, and to the many admirable 
productions of Mr. Baxter and Mr. Yisetelly. Nor should 
the aeourate work and beautiful colors of Mr. Dclarue's 
playing-cards be passed over without notice. To Mr. Dela- 
ne^deed, the revival of color-printing in England as a 
practical art is greatly due. 

The lottery system and the stamp duties gave extensive 
employment to the color-printer, ana also gave occasion to a 

KKsess which is denominated "compound plate-printing." 
e efiects are produced by an ingenious system of mechan- 
ism, by which several plates are mad||kto separate for the pur^ 
pose of receiving the colors, and to TOmbine with perfect ac- 
curacy, for the purpose of transferring these colors to tlie 
paper by a single impression. This process is in daily use 
at the stifenp and excise offices, and tne most familiar exam- 
ples are to be seen in the intricate patterns printed on the 
iabela of feam^ of paper, or those of patent medicines. The 
printing is eifected by the cylinder prmting-machine with the 
greatest rapidity. 

There is no difficulty in printing in gold ; it is within the 
power of any tvpographer. The type is composed and made 
read^ at press m the usual manner. Take the best printer's 
ramish, grind it to a thick consistency with burnt sienna or 
brown umber ; reduce this with gold-size, the same as that 
used by gilders and japanners. The first admixture is ne- 
cessary because it has been found that the umber will not 
combine with the size. The type is then rolled with this 
compound in the same manner that ordinary ink is applied, 
and the impression is taken upon the paper. Leaf-gold is 
then laid over it with a piece of cotton-wool, and pressed 
lightly upon it. When the varnish has had, time to set, 
a piece of cotton-wool is rubbed steadily over the part 
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printed, and the taperfliiou3 leaf is thereby removed, lei^ 
\ng the gold adhering to the varnish. The print should then 
be passed between steel rollers, or hot-pressed — care being 

''taken in the latter process thai the plates be not too bat, or 
a dull drossy surraco will bo produced. The sharpness of 
the print ivill vary-with the judgment of the printer in the 
quantity of sizing applied to the type; for if the press-work 
be bad, the print will bo bad also. For inferior gold-printing 
bronze-powder is extensively usoJ. For tliis the varnish a 
made very much thicker than for gold ; the method of pAtt- 
ing ia the same. Afler the impression has been giv^n, the 
powder is brushed over the print, and adheres thereto, whilst 
the superfluity is easily removed. In printing tbe golden 
"Coronation Sun" with this powder, a very distressing dis- 
ease arose, — the hair became perfectly green, and the men 
were very seriously affected ; great care should therefore be ta- 
ken that particles of the powder be not allowed to fly about the 
room. Butch gold cannot be used as a substitute for gold-leaf. 
"When all these appliances cannot reaiJily be obtained, very 
fair goid-printing maylle produced by the following process: 
Let the surface of the type be heated by any convenient 
means — as by laying upon it for a space a heated metal plats 
— and then cover it carefully with leaf-gold by a ball of cot- 
ton-wool. Having carefully sifted dry white-of-egg or resin, 
finely pulverized, over the surface of the paper, place it on 
the tympan, and bring it gently down upon the type. Dwell 
upon the pull. Tbe leaf-gold will be found perfectly adher- 
ent to the impression on the paper, and the superfluous part 
may be bruafed off. The sheet, aHer drying, should then be 
bot-preesed. Some observation is required to ascertain tbe 
proper heat to be given to the type : i^ it be insuGScient, tbe 

' gold transfer will be imperfect and the tint light; if too great 
(of which there should be no danger) tbe color will be dull. 

BANK-NOTE PEINTISG. 

The Bank of England notes were formerly printed from 
steel-plates; but in 1853 the Bank adopted the surface or 
letter-press mode of printing. ITie plates are produced by 
tbe electrotype process. An original is first engraved in 
metal in relief. This original is subjected to the galvano- 
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plastic prooesB, by which a matrix is obtaiAd, and from this 
matrix a second cast is obtained in relief, a ^rteot fac^imiU 
of the ori^al engraved plate. From this plate the bank- 
notes are printed. The metal of which these plates are# 
formed is exceedingly hard, frequently yielding nearly onQ 
million impressions without being worn tut. The onginal 
engraving is never used for printing, but on}y for the pro- 
duction of matrices ; consequently it always remains unim- 
paired, and thus perfect identity is maintained in the ap- 
peafance of the notes. 

The noteff are printed at platen-machines possessing great 
advantages over the ordinary printing-machines, more partic- 
ularlun the distribution of the ink. Three machines are 
emplls^d, two of which were manufactured by Messrs. Na- 
juer k Sons, and the other by Messrs. Hopkinson & Cope. 
A teUrtaU^ or register, is attached to each machine, which 
marks the number of impressions. These registers are set 
by a clerk before the printing commences, and are checked 
by him at the close of the day, when the printer must ac- 
count for (either in bank-notes or ^^ ^ils"} the number of 
impressions registered by the dial. The notes are printed 
upon dry paper, a process which has been very greatly ac- 
celerated DT the recent improvements introduced into the ink 
by Mr. Wiratone, who manufactures for the bank. 

The number and dates of the bank-notes are added in an 
after-printing. This is effected at Messrs. Napier & Sons' 
cylinder machines : a very ingenious mechanism being at- 
tached to these machines which makes it impos^le to com- 
mit any fraud by printing two notes of the snhe number. 
The apparatus consists of a series of brass discs, of which 
the rim is divided by channels into projecting compartments, 
each containing a figure. The numbers 1 to 9 having been 
printed in the course of- the revolution of the first disc, the 
second disc then presents the figure 1, which, by combining 
with the of the first disc, the number 10 is formed. The 
second disc now remains stationary until, in the course of the 
revolution of the first disc, the numbers 1 to 19 have been 
printed, when it presents the figure 2, and does not again 
move until another revolution of the first disc completes the 
numbers 20 to 29. Thus the two discs proceed until 99 
notes have been numbered, when the third disc comes into 
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ind wifli the first two, prodacea 100, consequcntl; 

nr )c performs one hundred revolutiona to ten of tiiB 
jnd a one of the third. The notes may be numbered 
efimtciy by thU process, without the possibility of error, 

macbice, meanwhile, being its own check. 

Pm\T[\'f!-MACniNES. 

As long as the th iP ture was confined to boola 

i a few periodic^ iirpf sale and size, the ordinary 

nting-presses s y the demand : nor was it 

covered that a was requisite, until the in- 

iascd facility o u" nd the important evonts at 

J eloae of the t ■ reatcd a demand for news 

wnich the utmost ae lo printers were unable to 

supply ; for the attei o inci 5e the speed by the compo- 
sition of two distinct ^8 of typo would avail little, so long 
as the presses could turn out only 2.^0 or 800 impressions 
each per hoLir. Accordingly for this branch of the art were 
the first machines pn^Kted. Many schemes were proposed 
for accelerating the movements of the press ; but the first at- 
tempts at any thi% like the machine afterward introduced 
were made by William Nicholson, a gentleman co^ected with 
periodical literature, who took ont a patent about 1790 for a 
printing-machine, of which the chief points were the follow- 
ing : The type being rubbed or scraped narrower toward 
the bottom, was to be fixed upon a cylinder, in order, as it 
■were, to radiate from the center of it. This cylinder, with 
its type, was to revolve in gear with another cylinder cov- 
ered with sod leather (the impression-cylinder}; and the 
type received its ink from another cylinder, to which inking 
apparatus was applied. The paper was impressed by passing 
between the type and impression-cylinders. Most of these 

?lans were, when modified, adopted by aftei^constructors. 
'bis machine was never brought into use. 
t Konig, an ingenious German, was the next who under- 
took to construct a machine; and having made considerable 
advance in his plans, obtained a contract with Mr. Walters, 
(be proprietor of The London Timet newspaper, for manu- 
facturing two for that journal. His machine was successful, 
and the number for the 28th Kovember, 1814, was worked 
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by it at the rate of 1100 impressions p6r hour. In this 
Nicholson's plan was so far altered, that the ordinary type 
was used and laid uponca flat surface, and the impression was 
given by the form passing under a cylinder of great size. 
Konig afterward invented a machine in which the sheet was 
printed on both sides before it left the machine ; but his ar- 
rangements for the equal distribution of the ink were so com- 
plicated and clumsy (consisting of not less than forty wheels) 
and the works of every part of the machine so intricate, 
that it never came into practical use. 

The first really useful machine was constructed by Messrs. 
Applegath and Cowper, being an extensive modification of 
that q| Konig ; its principal improvement consisting in the 
appliflkion of two drums between the impression-cylinders, 
one of which reverses the sheet, and the other secures the 
register, by retaining it, after the impression of the first form, 
just so long that it may pass on to the second cylinder in ex- 
act time to be impressed thereby upon the second form ; and 
of the distribution of the ink upon a jplane surface, instead 
of by a number of rollers, by which HWnig's complicated ma- 
chinery was got rid of. These machines, with numerous 
modifications, according to tne plans of dHerent makers, are 
now in general use. 

For newspapers, machines are generally made to work but 
one side at a time. It is manifest that a machine will work 
a much greater number (more than double) of one form than 
of two, and that the machinery will be lighter and less expen- 
sive, and of course require less motive power.n^ One form, 
therefore, of a newspaper, containing advertisements and the 
less important matter, is worked at leisure ; and the second 
form, containing the leading article, important news, and 
other matter of consequence, is reserved until the last mo- 
ment, and is then thrown off with immense rapidity. For 
the usual description of book-work, machines (perfecting- 
machines) are constructed to work both forms at a time. In 
these, perfect register, and the exact and even distribu- 
tion of the ink, are of the greatest consequence, and such 
immense rapidity is not necessary. These machines, there- 
fore, differ very much in construction, though not in princi- 
ple, from those used for newspapers. 

The machine constructed by Messrs. Applegath and Cow- 
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per in 1827 for The THmeSj two of which are Btill naed finr 
printing the supplements and advertimng pages, has four im- 
pression-cjlinders, which are so an«n^a that two are in 
contact with the type as the table passes to the right, and 
two as it passes to the left. It will print from 4000 to 5000 
impressions per hoar. 

One of the principal impediments to great speed in tins 
form of printing-maonines is the neoesnty finr a reciprocatiDg 
motion in the type, table, and inking-table,— a great wei^t, 
the via motus of which has to be neatraliied, and then the 
vis inertice overcome, at each end of the traverse. This not 
onlj occasions a great waste of motive power, bat also causes 
breakages and serious accidents. Mr. Applegath, finding 
these and other difficulties insuperable, abandoned thvprin- 
ciple of placing the type on a jdane table and the reciproca- 
ting motion, and constructed a machine in which the type is 
placed on the surface of a cylinder of large cUmennons, 
which revolves on a vertical axis, with a continuous rota- 
tory motion. The Times has the credit of being first in 
adopting this great improvement in newspaper printing. 

The following is a careful des^ption of this vast and com- 
plicated piece of machinery : 

In the center of the machine is a vertical cylinder or 
drum, 5 feet 4 inches in diameter. In contact with it, and 
revolving each on its own vertical axis, are eight impression- 
cylinders, 13 inches in diameter, each of which has a set of 
inking-rollers working in advance of it. The cylinders 
move with Jbhe same velocity as the surface of the drum. 
The columns of type are placed in a kind of iron galley, or 
turtle^ curved to fit the surface of the drum. The outer sur- 
face of these galleys is not formed into a segment of a circle, 
but into facets, each the width of a column ; the wedge- 
shaped interval, which is left between the top and bottom of 
the types of every two adjoining columns, is compensated by 
column-rules, made thicker at the top than at the bottom in 
the same proportion. The middle column-rule is fixed. The 
columns are locked up in the galleys by means of screws, and 
the column-rules press the types together like key-stones in 
an arch. The fixed rule in the center prevents the types 
from rising. The galleys are then screwed on to the drum, the 
columns vertical. The outer face of the forms is now, it must 
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be remembered, a series of ftcets, sides as it were of a polj- 
gOD ; tbe surfaces of the impression-cylinders are made to 
conform to these &cets, with sufficient accuracy, by paper 
overlays. When stereotype plates are used, they are cast by 
Dellagana's process, in accurate segments of a circle, and the 
overlaying is unnecessary. The forms of types do not, of 
course, occupy the whole circumference of the central drum : 
a large part of the remainder is made the inking-table. The 
ink-box, which is also vertical, supplies ink to a ductor-roUer, 
which works between two straight edges. As the drum re- 
volves, a portion of ink is taken from the ductor by two vi- 
brating rollers, and distributed on to the inkmg-table. The 
inking-table precedes the type-forms, and as it passes the 
inking rollers attached to each impression-cylinder come 
into contact irith it, and receive ink from its surface. The 
type-forms, following next, come into contact with these ink- 
ing-roUers, and take from them the ink they have just re- 
ceived. The inking-table passes under the impression-cylin- 
ders without touching them ; but the type is brought into 
contact with the paper upon them, and the impression is given. 
Therefore, at every revolution of the drum, the type is inked 
Mght times, comes into contact with eight impression-cylin- 
ders, and prints eight sheets of paper. 

It is most difficult to convey, by any verbal description, 
the singularly ingenious mechanism by which the sheets of 
paper are conveyed to and around the impression-cylinders. 
It must be remembered that the sheets are necessarily laid 
on the feeding-table horizontally j and that they pass around 
the cylinder vertically. The task will be rendered some- 
what simpler by reminding the reader that each impression- 
cylinder IS a complete machine within itself, acting with the 
drum, but independent of the other cylinders ; and that, as 
each has its own system of inking-rollers, so each has its own 
system of feeding-drums and tapes. The white paper is laid on 
the feeding-table at the top ; each sheet is placed by the 
layer-on to the center of a feeding-drum. At the right 
moment, the sheet is advanced by finger-rollers until its 
fgrward edge is brought between two small rollers, each con- 
nected with a series of endless tapes, between which it is 
passed vertically downward. At the right moment its further 
progress is arrested by two vertical slips of wood called 
9 
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" stoppers," vbiob start forward and press the sheet against 
two fixed stoppers ; and, at the same moment, the two rollen 
and their tapes vparate, and leave the sheet extended verti- 
cally between the two pairs of stoppers. Observe that, np 
to this moment, the travel of the sheet has been vertically 
downward, and that its plane surface ia part of a radius 
from the axis of the central drum. The problem now to be 
solved is, to give it a horizontal movement toward the center, 
preserving ita vertical position. The instant tho alieet it 
arrested vertically between the stoppers, its top edge ii 
caught by two pairs of small finger or susjiending rollers ; at 
the same instant the stoppers separate, and the sheet is sus- 
pended for a moment between these rollers; a slight inward 
motion is then given to the suspenders, sufficient to bring the 
inner edge of the sheet into the mouth of two sets of hori- 
zontal tapes, by which it is carried around the impressiou- 
cylioder and printed. As the sheet, after being printed, 
issues from the horizontal tapes, it ia delivered to other sets, 
by which it is convoyed outivard, under the laying-on board ; 
arrived at the proper point, it is again caught at ttie top edge 
between suspending rollers, the tapes eepsrote, and it hangi 
for^ moment ; when the taker-off, who sits below the Uyei^ 
on, releases it by a slight jerk, and lays it on his hoard. 

No description can give any adequate idea of the Bcene 
presented by one of these machines in full work, — the tnau 
of wheels and rollers, the intricate lines of awift-moTing 
tapes, the flight of sheets, aAd the din of machinerv. ^Die 
central drum moves at the rate of six feet per secona, or one 
revolution in three seconds ; the impression- cylinders make 
five rMnlntions in the same time. The layer-on deliven two 
sheetg^very five seconds, consequently, sixteen sheets are 
printed in that brief space. The diameter of an «ght-feeder, 
mcluding the galleries for the layen-on, is twenty-fire feet. 
The Timet employs two of these eight-cylinder machines, 
each of which averages 12,000 impressions per hour; and 
one nine-cylinder, which prints 16,000. 

These vast machines, however, are only useful when the 
Booessity of working a very large number with the utmost 
raindity overrides all considerations of cost and apace. An 
excellent machine, in which considerable speed is obtained 
iritti comparative economy of expense and room, the iaren- 
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tion of Messrs. Hoe of New York, has been lately used for 
newspapers and periodicals of long numbers. In principle, 
it does not differ from Applegath's vertical, inasmuch as the 
type b fixed upon a central cylinder or drum, which has a con- 
^ttous rotatory motion, in contact with impression-cylinders 
set around it. The chief difference is, tnat the drum and 
impression-cylinders are not vertical, but horizontal. The 
machines are manufactured of different sizes, according to 
the number of impression-cylinders required. Those more 
generally made have Ax cylinders, some have eight, and The 
Times has recently constructed one with ten. This last 
machine is calculated to produce 20,000 impressions per 
hour. The following is a description of a six-cylinder ma- 
chine : 

A horizontal central cylinder is mounted on a shaft with 
appropriate bearings, and around it, arrayed at proper dis* 
tanccs, are six horizontal impression-cylinders. The mov- 
able types or stereo-casts are secured on a portion of the 
eentrid cylinder, about a quarter of its circumference, and 
compensated by a balance-weight on the opposite side ; the 
remainder of the cylinder is used as a distributing-table for 
the ink. This portion of the cylinder is lower than the face 
of the type, in order that it may pass under the impression- 
cylinders without being touched by them. The ink is con- 
tained in an ink-box placed beneath the central cylinder, 
and supplies the ink to the ductor-roller, from which it is 
transferred by a vibrating distributing-roller to the distribu- 
ting-table. The ductor-roller receives a slow and continuous 
rotary motion, so that it always presents a uniform line of 
ink to the vibrating roller. The machine being put in mo- 
tion, the form of type on the central cylinder is brought into 
contact with each of the six impression-cylinders in succes- 
sion ; and six sheets of paper, which have been introduced, 
one to each impression-cylinder, are printed in one revolu- 
tion of the central cylinder. For each impression-cylinder 
there are two inking-rollers, which roll over the distributing 
surface and take a supply of ink ; at the proper time they 
rise, pass over the type, and then fall on to the dbtributing 
surface. 

Each page is locked up upon a detached segment of the 
large cylinder called a ^^ turtle," which constitutes the bed 
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and chase. The colucon-rulea, like those for tlio vortic^ 
machine, are wedge-shaped, and are held down to the turUe 
b; tongues projecting at intervals along their length, and 
sliding in rebated grooves cut crosswise in the face of the 
turtle, the space in the grooves between the column-rulei 
being filled with Eliding blocks of metal, accurately fitted, 
the outer surfaco level with the surface of the turtle, the 
eijds next the column-rulea being cut away underneath to 
receive a projection in the sides of the tongues. The bead 
and cross rules are segments of a circle of the aatne curv- 
ature as the turtle. The types are secured by screws and 
wedges. 

Six persons, one to each impression-cylinder, are required 
to supply the paper, — three on each aide of the machine. 
The paper is conveyed from the laying-on board to the im~ 
preasion-ej'linders by gripers. The sheets when printed arc 
carried by tapes to six self-acting fly-frames, which lay them 
regularly in piles. 

Another American, M. S. Ucach, has improved upon 
Hoe's machine, hy converting it into a perfecting-machiae. 
His improvement consists in placing the second form upon 
the central type-drum, superseding the necesaity for the 
balance-weight : the sheet, after being printed on one aide, 
is immediately drawn back and printed on the other side 
from the second form, without checking or changing the 
aniform revolution of the cylinder ; and thus the work done 
by it is doubled. The diameter of the type-drum in tlus 
machine, which is calculated for eight impreseion-cylinderSf 
ii only four feet ; the type has therefore to travel a less di»- 
tance in one revolution of the drum ; and the consequencA 
is, that in traveling the same distance in this machine, and at 
the same speed, 22,000 double impressions would beproduced 
in an hour. This account is taken from the New York Sun. 

A horizontal cylinder-machine, on the same system as 
Hae's, made by Middleton, capable of printing 20,000 im- 
pressions per honr, is now used for printing The London Mom- 
tn^ Herald. The type is secured on the central cylinder, 2} 
feet in diameter, in the same way as in The HSmea verticdi 
machine ; the ink is supplied from a ductor below the type-cyt- 
inder, and distributed upon an inking-table attached to die 
tyjw-cylinder, to which a slight lateral motion is oommuiu- 
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cated by two straps, one on each side of the machine. There 
are five impression-cylinders at eqnal distances aronnd the 
central cjhnder, to which the paper is supplied from ten 
feeders, on the same principle as in the other horizontal ma- 
chines, foar on one end of the machine and six on the other; 
the printed sheets are delivered on to five taking-off boards, 
one to each two feeders, and received by five lads. The 
machine is 26i feet long, 6 feet wide, and 17i high. 

The machines of Mr. Napier, intended for book-work, are 
in good repute. They have the advantage of being easily 
worked by two men, thus rendering steam-power unnecessary. 
They stand in a very small compass, and do beautiful work. 
As &r as regards motion and impression, they do not greatly 
vary from the cylinder machines already described ; but in 
the method of conveying the paper, obtaining register, and 
inking, they are altogether different. The paper is laid to a 
certain gauge, when, in the revolution of the cylinder, gripers 
arc made to compress the edge of the paper upon it, very 
much in the manner in which the fore-finger closes on the 
thumb. It is by these means conveyed with it during one 
revolution, in the course of which it is printed on one side. 
At the commencement of the second revolution these gripers 
open at the precise moment, when the gripers attached to the 
second cylinder close, and thus convey the sheet over the 
second form. Tapes pass under the second cylinder, between 
the blanket and the paper, and over a pulley upon a bar, by 
the mere friction of which the sheet is thrown out upon a 
board. These gripers are made to act with such perfect cer- 
tainty that the best possible register is obtained. The inking 
apparatus consists of a trough with a ductor and vibrating 
roller, which communicates the ink to composition-rollers, by 
the revolution of which in contact with each other the ink is 
perfectly distributed, and from these to the type. A cross 
motion is communicated to the dbtributing-roller by means 
of a worm in the elongated spindle. As but one impression 
is given during the traverse of the table in each direction, 
the cylinder which does not at the moment hold the paper 
would be in contact with the type, had not Mr. Napier added 
a beautiful adjustment, whereby the cylinders rise and fall 
alternately, so that the one not in use passes over the form 
intact. This machine will work from 1000 to 1200 perfect 
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sheets per hour, and requirea but two hoja. Mr. Napier 
has constructed seTCral other machines of great merit, one 
of which, for newspapers, will perfect 2000 ehoets per hour 
by the labor of two men. 

Mesara. Hopkinson and Cope have also produced ft doubls* 
cylinder perfecting griper machine adapted for boolt-work or 
newapapers. The peculiarity of this machine is, that it la 
supplied with a set-off sheet apparatus, by which a "set-off 
sheet" is fed in with each sheet to be printed, which it meets 
as the latter enters on the second cylinder, and, passing 
round with it, prevents the ink on the printed side of the 
paper setting off on Che blanket of the cylinder, and being 
thence transferred to the following sheet. This apparatus 
can be easily dispensed with when ordinary work is being 
printed. They have also made a single cylinder griper ma- 
chine called a " Desideratum." It is supplied with a point- 
ing apparatus, which renders it available for book-work. 

Betbre the invention of cylinder machines, the desire to 
ohtaia increased speed led to many ingenious contrivaDcea 
for accelerating the ac^on and economising the expense <d 
tfae ordinary printing-press ; all of vhicb, however, either 
failed, or were superseded by the steam machine. There 
are now in general use, for hook-work of a quality superior 
to that produced by the cylinder, several machine-presses 
which are in every respect satisfactory. They generally 
consist of two tables, on each of which a form is laid ; these 
pass alternately under a self-acting platen: while one form 
is receiving tho impression, the other is delivering its printed 
sheet to the taker-off, and receiving its white sheet from the 
layer-on. This double operation is effected at the same time, 
by the frisket being attached to the tym^n at the bottom 
(not at the top as in the common press). When the tympan 
opens, it falls back inward ; the vhite paper is laid oq the 
frisket, the tympan closes upon it, it is printed ; but when 
the tympan opens, the printed sheet is made to rise with it, 
and is taken off while the layer^on is placing another sheet 
on tho frisket. The ink is conveyed to the type by a Hmilar 
apparatus to that used in cylinder maohines. These machine- 
presses do excellent work at the rate of 600 or TOO impres- 
Mons per hour, and are made by the same firms as supply 
ofltodor-inaehinea. 
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The ^^ Semdinavian " machine-press differs from all others 
in respect that the form of tjpe is stationary, and that the 

Smpan and inking-roller are passed between the form and 
e platen. As the power required to set this press in mo- 
tion is much less than that required where the form and 
table travel, manual labor is sufficient ; but onlj one form 
can be worked at a time. 

These are by no means all the machines that have been 
devised or brought into use. They are, however, all that it 
is necessary to mention, as the same principle is common to 
all. Every maker is at liberty to manufacture almost all of 
them, with such modifications as his own talents may suggest, 
the patents, where any were taken out, bavbg, with few 
exceptions, expired. 
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POTTERY AND PORCELAIN. 



Thb word pottery is said to be derived from the low Latin 
term potusy a pot, which is from the classical Latin pQtu$j 
drink;* but the etjmologj of porcelain is more uncertidn. 
Some writers derive it from porcdlanay the Portuguese for a 
drinking- cup ; others from a similar word in Italian, which k 
applied to a univalve shell of the genus CyprcBidce^ or cow- 
ries, baring a high arched back resembling that of a hog 
QporcOj Ital.), and a white, smooth, ritreous glossiness of 
surface similar to that of fine porcelain. The esaential in- 
gredients of every article in pottery and porcelain are silica 
and alumina. The pure chemical compound, silicate of al- 
umina, must, however, be regarded as an ideal type, unat- 
tainable even in the finest porcelain ; while in the coarser va- 
rieties, and in pottery, impurities, such as iron, lime, potash, 
etc., give character to the resulting wares. Even if it were 
possible to obtain pure silica and alumina in sufficient quanti- 
ties for manufacturing purposes, it would still be necessary to 
add certain substances to mcrease somewhat the fusibility of 
these refractory materials. Pottery is also distinguished by 
being opaque, while porcelain is translucent. Wares of 
either kind are further distinguished by the terms soft and 
hardj or, as the French term them, tendre and dur — distinc- 
tions which relate as well to the composition of the ware as 
tu the temperature at which it is made solid. Common bricks 
and earthenware vessels, pipkins, pans, etc., are soft; while 
fire-brick and crockery, such as queen's-ware, stone-ware, 
etc., are hard. Soft pottery, consisting of silica, alumina, 
and lime, admits of being scratched with a knife or file, and 
is usually fusible at the heat required merely for baking por- 

*Poi iff 8ald by Tooke to be the past tense of the verb to^— i. e.f to ez- 
cmvate or sink into a hollow. 
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slaia. i ooe-ware is composed of silica, alumina, and bt- 
a, and may be regarded as a coarse kind of porcelain. 
rd por:;cIalii contains more of alumina and less of silica 
in the sofl ; it ia baked at a stronger heat, and is mor« 
oae. Soft porcelain contains more silica than tbo hard, and 
also combined with alkaline fluxes, eo that its softness ii 
anifested in beine eawlv scratched and less able to resist ■ 
rong heat. 



Articles o' ice the most fragile and the 

most endi'" enta. A piece of common 

pottery, li > pieces by a slight blow, is 

more endunng 'rasa and effigies in bronze. 

These yield to in* on of the weather; stone 

crumbles awaj, ir er decays ; but the earthen 

vase, deposited ii quici l t forgotten receptacle, sur- 

vives the changes oi time, and e, en when broken at the mo- 
ment of its discovery by the pick of the laborer, affords in- 
struction in its fragments. In their power of travemng 
accumulated ages, and affording glimjscs of ancient times 
and people, fictile articles have been compared to the fossils 
of animals and plants, which revea! to the educated eye the 
former conditione of our globe. 

Clay is so generally di&iised, and its plastic nature is ao 
obvious, that the art of working it cannot be considered ta 
above the intelligence of & aavage ; hence the production of 
articles in clay may be said to belong to every people and to 
all time. The first drinklng-veesels would be sun-baked, and 
consequently very destructible ; so that few articles would 
Burvive a single winter. A considerable period must have 
elapsed before the method of giving permanence to these ar- 
ticles by the action of fire was discovered ; but it is chiefly 
to this discovery that we owe the preservation of so aany 
ancient relicB of the fictile art. The sun-dried bricks of 
Egypt, Assyria, and Babylonia, have, however, been pre- 
served to this day, and " not only afford testimony to the 
truth of Scripture by their composition of straw^nd clay, 
bat also by the hieroglyphs impressed upon them, tl^nsuit the 
names of a series of kings, and testify the existence of edi- 
Soea, all koowledge of wluch, except for these relics, would 
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have utterly perished. Those of Assyria and Babylon, in 
addition to the same information, have, by their cuneiform in- 
scriptions, which mention the locality of the edifices for which 
they were made, afforded the means of tracing the sites of 
ancient Mesopotamia and Assyria with an accuracy unattain- 
able by any other means. liVhen the brick was ornamented, 
as in Assyria, with glazed representations, this apparently 
insignificant but imperishable object has confirmed the de- 
scriptions of the walls of Babylon, which critical skepticism 
had denounced as fabulous. The Roman bricks, have also 
borne their testimony to history. A large number of them 
present a series of the names of consuls of imperial Rome ; 
while others show that the proud nobility of the Eternal City 
partly derived their revenues from the kilns of their Cam- 
panian and Sabine farms." * 

The excellent authority just quoted refers to the next step 
in the progress of manufacture, namely, that of modeling ip 
clay the forms of the physical world, the origin of the plastic 
art, ^^ to which the symbolical pantheism of the old world 
gave an extension almost universal." When stone and metal 
came to be used as materials for sculpture, clay was still em- 
ployed for the elaboration of the model, and also for the mul- 
tiplication of copies for popular use of celebrated pieces of 
sculpture. The invention of the mould caused the terra cot- 
tas of antiquity to be as widely diffused as the plaster casts 
of modem times. Among the Assyrians and Babylonians 
clay was used as a material for writing on. The traveler 
Layard discovered in the palace of Sennacherib a whole li- 
brary of clay books, consisting of histories, deeds, almanacs, 
spelling-books, vocabularies, inventories, horoscopes, receipts, 
letters, etc. About 2000 of these clay books of the Assyr- 
ians have been discovered : they are in the form of tablets, 
cylinders, and hexagonal prisms of terra cotta. 

Before the invention of the potter's wheel, clay vessels 
could have had but little symmetry of shape. The necessity 
for some such contrivance must have been early felt, and it 
was probably invented by several nations. It is represented 
on the Egyptian sculptures ; it is mentioned in Holy Scrip- 
ture ; and was in use at an early period in Assyria. Mr. 

*IIistory qf Ancient PutUry, by Samuel Birch, F.S.A., London, 1858. 
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stal :8, that " the very oldest vasea oF Greece, some of 
arc supposed tu have been mads in the heroic agos, 
ir marks of having been turned upon the wheel." The 
of firing the ware is also of the highest antiquity. Re- 
ins of baked earthenware are common in Egypt in the 
lbs of the first dynasties, and the oldest bricks and tabled 
Assyria and Babj-Ion bear evidence of having passed 
-.iOugh the fire. ; nins of Hellenic pottery owe 

their preservation lo their 5 been fired. As the clay 

by tbis process is rendcre s and incapable of holding 

liquids, the neces ■ bi id of glaae must have been 

early felt. Opa^u uamels have been found in 

Egypt as old as the ty, and both the Egyptians 

and the Assyrians ncou irtferred an opaque enamel 

to a transparent glaze, ; ider the fashion of the tnoii- 

eta faience. NuineroL ij ts testify to the use of glaz- 
ing amongst the ancient ureeKB ..nd Romans. With respect 
to form, the Greek vases, by their beauty and simplicity, have 
become modola for various kinds of earthenware ; while the 
application of painting to vases has transmitted to uB mach in- 
forraaUon respecting the mythology, manners, cuatomfl and 
literature of ancient Qreece. Even the Roman lamps and 
led ware illustrate in their ornaments many customs, man- 
ners, and historical events. As the pottery of different 
modern nations has its characteristic features, bo the ancient 
pottery has its distinctions of time and place. It is impossi- 
ble not to distinguish between the rude and simple uma fash- 
ioned by the early inhabitants of Great Britain and the more 
carefully finished specimens of the Roman conquerors of these 
islands. Then, again, the simple unglazed earthenware of 
Greece contrasts with the more elaborate Etruscan forms, Ae 
finest of which, however, are probably by Greelc artists. Then, 
agun, the red and black potteries of India contrast with the 
black and white potteries of Kortb America, the latter being 
interspersed with fragments of bivalve sbells. On the dis> 
covery of the extraordinary ruins in Central America, speci- 
mens of pottery were found which showed considerable ad- 
vancfl in the art compared with the date asugned to these 
ruins, namely, 1000 B.C. The specimens had been formed 
without the assistance of the potter's wheel ; but they are 
well baked, the ornaments are in different o<dors, and they 
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are coated with a fine vitreoos glaze, such ati was unknown in 
Europe until withm about ten centuries. The religious em- 
ployment of earthen vessels in early times, and the custom of 
placing them in tombs as receptacles for medals, trophies, in- 
signia, money, rings, and votive offerings, has greatly assisted 
the studies of archaeologists in modem times, and we can do 
no more in this brief sketch than refer to their useful labors. 

Porcelain is of modem introduction into Europe, but it was 
known iA China more than a century before the Christian era. 
The Chinese appear to have improved their art during four 
or five centuries, and then, supposing themselves to have at- 
tained perfection, they allowea the art to remain stationary. 
So completebr was the manufacture identified with that na- 
^n, that onfthe introduction of porcelain into Europe by the 
Portuguese in 1518, it received the name of chinas which it 
atiU partially retains. The Chinese continued to supply us with 
porcelain during many vears. It was supposed that the fine 
clay or kaolin used in its production was peculiar to China, 
and that it was consequenUy hopeless to attempt to manufac- 
ture porcelain in Europe. The porcelain of Japan-is only a 
variety of the Chinese. 

While the Chinese were improving their manufacture, the 
art of making decorative pottery became lost in Europe amid 
the darkness which followed the overthrow of the Western 
Empire. The first symptoms of revival were due to the Mo- 
hammedan invaders of Spain, whose tiles of enameled earth- 
enware are to be seen in the Moorish buildings of Seville, 
Tdedo, Granada, and the Alhambra. They are of a pale 
clay, ^^ the surface of which is coated over with a white opaque 
enamel, upon which the elaborate designs are executed in 
colors.* The Spaniards acquired from the Moors the art of 
manufacturing enameled tiles, or azulejoB as they are called, 
and they still continue to be made in Valencia. The Moors 
also adorned (heir pottery with Arabic inscriptions, and with 
arabesque patterns resembling a lace vail in richness. The 
vase known as that of the Alhambra is of earthenware ; the 
ground is white, the ornaments are either blue of two shades, 
or of gold or copper luster.f The Moors continued to manu- 

*A Ihftoryqf Pottery and Porcelain^ medurval and modern^ by Joseph Marryat, 
2d edition, London, 1857. 

t This vase is figured in Owen Jones's work on the Alhambra. 



144 FrvB Black Arts. 



faeturo ornamental pottery until the time of their final ejcpul- 
BioQ from Spain at the be;^inning of the seventeenth century. 
This HiBpani>-Arnbic pottery, as it is called, is the prototype 
of the Italian majolica, and was long cDnfaunded with it. 
Specimens of it arc to be seen in several celebrated collec 
tions. The majolica, or enameled ware of Italy, probably 
dates from the twelfth century. It is related that a pirate 
king of Majorca, about 1115, was besieged in his stronghold 
by an armament from Pisa, and boing vanquished, the expe- 
dition returned to Italy laden with spoil, among which, it Is 
supposed, were a number of plates of painted Moorish pot- 
tery, such specimens being found incnisted in the walls of 
the most ancient churches of Pisa. They appear to have 
been regarded aa religious trophies. No attempt, however, 
was made to imitate them until the fourteenth century, when 
specimens of majolica, so called from the island of Majorca, 
were produced ; they resemble the Moorish examples in having 
arabesque patterns in yellow and green, upon a blue ground. 
About the year 1451 the manufacture had become celebrated 
at PesarOj the birthplace of Luea della liobbia, who is re- 
garded by persons who set aside the foregoing origin of mk- 
jolica as the inventor of this ware. lie appears to have 
earned distinctioD as a sculptor when he took to working in 
terra cotta, and gave permanence to his productions by the 
invention of a white enamel. Hia Madonnas, Scripture snb- 
jects, figures and architectural pieces are still prized by colle<t- 
tors. Mr. Marryat refers to them as " by far the finest wwks 
of art ever executed in pottery." He b also " the founder of 
a school which produced works not much inferior to his own." 
Existing specimens are of a dazzling whiteness, and the glass, 
after so great a lapse of time, continues to be quite perfect. 
The manufacture of majolica flourished during two centoriss 
under the patronage of the House of Urbino. The first duke, 
Frederick of Montefeltro (1444), took a lively interest in tfa« 
manufacture ; his son established a manufacture at Pesan, 
and the most eminent artists were employed in furnishing de- 
signs, a system of patronage which was maiatained by sno- 
ceeding dukes. There is a tradition that Rafhelle was em- 
ployed in furnishing designs; whence majolica sometimes 
passes by the name of RaffaeUe ware. But as the finest 
specmoaa do not date earlier than 1540, or twenty yean 
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after the death of that great artist, he was probably not di- 
rectly concerned in the manufacture. But it is admitted that 
hii scholars used his drawins? in composing designs for the 
finest specimens. In the middle of the fift^nth and daring 
part of the sixteenth century, many towns of Italy had be- 
come renowned for their majolica ware, of which the coarser 
specimens were named mezza-majolica, and the finer, how- 
ever inappropriately, porcelana. The manufacture had at- 
tained its greatest celebrity between 1540 and 1560. After 
the last-named date the art began to decline, and the intro- 
duction of porcelain, properly so called, helped to complete 
its downfall. The caprices of fashion cannot be alone charged 
with the destruction of this beautiful art, since, so far as util- 
ity is concerned, a hard paste covered with a vitreous glaze, 
as in porcelain, must be very superior to a soft paste coated 
with a metallic glaze, as in the case of majolica. The best 
examples of mezza-majolica are distinguished by the beauty 
of their color, and the perfection of their enamel glaze ; the 
latter imparting to the yellow and white tints the metallic 
luster of gold and silver. There is also a remarkable mother- 
of-pearl luster, together with an iridescent ruby, peculiar to 
Pesaro and Gubbio. The most general colors used in the 
painting were blue and yellow, with their mixtures. The 
drawing is not so good as the coloring, until the so-called por- 
celana raised the art to its zenith. After the year 1560 the 
designs became more fanciful and grotesque, and the colors 
inferior. It must not, however, be supposed that the arti- 
cles manufactured were ornamental only. Daring the whole 
reign of majolica ware, all kinds of common articles were 
produced, such as pilgrim's bottles, with holes in the bottom 
rim for the strap or cord by which the vessel was carried ; 
various forms of vases, adorned with paintings, with handles 
in the form of serpents, and rims surmounted by grotesque 
figures of animals and fishes ; fruit dishes, with embossed pat- 
terns in high relief; small plates for ices and sweetmeats; 
vases, for holding different kinds of wine, which could be 
poured out from one spout ; small flasks, in the shape of lemons 
and apples ; cups covered with tendrils or quaint devices ; 
small figures of saints ; jocose figures ; birds colored after 
nature ; painted tiles for walls and floors, etc. Some of the 
most interesting specimens of majolica are kuoYdi ^ amalo- 
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rii, and coDsist of vessels, plates, or deep saucers, containing 
the portrait and name of & lady ; these were filled with fruita 
or HweetmeatB, and presented as pledges of affection. Ths 
portraits not onlj peqjetuate the female beauty of a former 
age, but also the costume by which it was sought to make 
that beauty more attractive. Some of the amatorii repre- 
sent hands united, hearts a-Same, or pierced with darts, aAer 
the fashion of the modern valentine. The painters who exe- 
cuted the designB were usually copyists, the design itself 
being furnished by an eminent artist. In some casea, bow- 
ever, tho paintera themselves were the artists, and are known 
by certain monograms and marks. Occasionally the painters 
bought the pieces ready prepared for painting, executed them 
at home, and took them to the kiln to be fired. In such 
cases, the piece is often marked with the name of the potter, 
as well as that of the artist- The custom of attaching sig- 
natures to ihe pieces is peculiar to some manufactories : those 
with names and monograms for the most part belong to Gab- 
bio and Albino. Different towns had their distinguishing 
marks, and it was common to mark in blue characters on tbs 
back of the disb the subject of the design ; but when a com- 
plete service was painted, only the principal piece wu 
marked : it was also customary to introduce Uie arms (^ tbe 
family for whom the service was prepared. 

Majolica was introduced into Germany in 1507 by Hirecb- 
vogel of Nuremberg, bat the manufacture does not appear to 
have survived him. It prospered better in France, where, 
under tho name of faience* it flourished under the patronage 
of Catherine de Medici and her kinsman Louis Gonsaga. 
The latter established Italian artiste in his dukedom of Mev^ 
ers, and they were successful in producing enameled pottery 
from native materials. Gradually as native artists succeeded 
the Italian ones, the classical designs of the latter were de- 
graded, and the enameled ware of Italy was represented only 
by the common faience of France. In the eighteenth cen- 
tury Nevers recovered her reputation, and became celebrated 
for the brilliancy of a dark blue enamel with white pattern! 
upon common ware. A variety of enameled pottery was also 

* This term li nippOKd to be derived tnm the naall Iowa, now a vHlige, 
of Faience, Id the deputment of Vw, whicb, m earlj u the dzUk oentot;, 
■ppean to bkve bom oebsbnted for (laud -(ratleT;. 
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produced at Rouen : this attracted some notice ; but the kind 
of ware which may be said to be peculiar to France is that 
known as Palissj ware. There is a good deal of romance 
mixed up with the life of the inventor of this ware, Ber- 
nard Palissy and his adventures, real or imaginary, have aah 
sisted in multiplying the number of those dangerous books 
which ascribe imaginary events to real characters. Palissy 
was bom at the commencement of the sixteenth century, of 
poor parents ; but nature had implanted within him a love of 
the beautiful, which became his teacher. He managed to ac- 
quire a knowledge of reading, writing, and land-surveying, 
by which last-named art he earned his livelihood. In the in- 
tervals of employment he was much given to the study of the 
Italian masters, and he was delighted to obtain work in paint- 
ing images and designs on glass. This enabled him to gratify 
his taste for travel, and for studying natural objects. He be- 
came master of the chemistry and mineralogy of his day, such 
as it was. In 1539 he settled at Saintes as an artist, where 
he married. His attention was directed to pottery by being 
shown a beautiful enameled cup, and on proceeding to inquire 
into its mode of manufacture, he found that there were secrets 
connected with it, and especially with the composition of the 
enamel. He at once undertook a course of experiments on 
the subject, but without success. The desire to master the 
subject had, however, taken such possession of him, that du- 
ring several years he devoted nearly all his time and means 
to this pursuit, in spite of the claims of his wife and family 
and the remonstrances of his friends. He borrowed money 
to enable him to construct a new furnace ; and when too poor 
to buy fuel, he used his furniture instead. When unable to 

Eay his assistant's wages, he gave him the coat from off his 
ack. Thus becoming every year more wretched than the 
preceding, the folly of sixteen years (as it would have been 
called had he failed) ended in a triumph. His figulines or 
rustic pottery became the fashion of the day, and his beauti- 
ful patterns were every where admired. The general style 
of his ware is marked by quaintness and singularity ; his fig- 
ures are usually chaste in form : the ornaments and subjects 
of an historictJ, mythological, and allegorical character are 
in relief, and colored. His natural objects, with the excep- 
tion of certain leaves^ were all moulded from nalwt^. ^v& 
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shells art those of the tertiary formation of the Paris basin; 
his full am those of the Heioe ; the reptiles aud plants are 
from th eighborhood of Paris ; and he made use of no for- 
eign n: al pixKiuction. The colors are usually bright, and 
mostly cuufined to yelloirs, blues, and grays ; sometiiacB ei- 
teuding to green, violet, and brown. Mr. Marryat says that 

Palisay ne.-c" "v ''"'^ '" """=iing the purity of the whitt 

enamel of Lucf even that of the faience of 

Nevers, The -— ~- of this artist, intended to 

sdorn the If dtuing-rooms of the period, 

are loaded '. A favorite subject with 

him was a faai sh, representing the bottois 

of the aea, < shells, sea-weeds, pebbles, 

snakes, etc. ho hand of this artist, ewert 

and vases wiiu , r „„ its, boara' heads, curiously- 

formed salt-cellbia, jies of .. ats, wall and Eoor tiles, ele. 
Mr. Baring Wall spL-aifa of Paiisay as " a great master of the 
power and effect of neutral tints." ' 

France is also celebrated for a fine ware known mfaienei 
fine and gre$ cerame. Some of the earliest specimnw »n 
kooirn under (he name of renaittanee, or fins faience of 
Henri II. There are only thirty-Beveu pieces of this mana- 
&cture extatkt ; and as twenty-seren of them have been 
traced to Tourune and La Vendue, it has been conjectured 
that the manufactory was at Thoaars in Touraine. The ma- 
terial is a fine white pipe-clay, the texture of which is seen 
through the thin transparent yellow vamish. The pattens 
ore engraved on the paste, and the hollows filled ap with col* 
ored pastes, so as to resemble fine inlaying, or chiseled siiver 
works in nidto; whence this ware has also been termed 
faience a nieUo, There are also beautifully-modeled ruaed 
{HTiaments: the articles are for the most part small and li^t, 
oonsisting of cups, ewers, and a vase with a spout for pouring, 
called a biberon, A single candlestick of this wars was b<^ 
a few years ago for 2202. 

Qermany had its enameled wares as early as the thirteenth 
century, the secret of success being of coarse the discovery 
of a fine glaze. Batisbon, Landscbut, and Nuremberg thus 
became formidable rivals of the Arabs and the Italians. The 

'Leatan ieUnttA bettee tbe Llteru; and SdenUfio Sodet7 of Sali» 
baij, Jaanai7, 18SS. Ptlated toi ^vkte tilicx^ttoo. 
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distinctive characters of this ware are the fine green glaze, 
the complex form, the number and yariety of ornaments, 
lightness, and good workmanship. Nuremberg also became 
famous for its large enameled tUes used for covering stoves. 

Holland, from its exclusive trade with Japan, was induced to 
imitate the Japanese porcelain. The chief seat of the man- 
ufacture was Delft ; and the ware was known and esteemed 
in the sixteenth century by its fantastic design, good color, and 
beautiful enamel — the latter being smooth and even, and 
slightly tinged with blue. The Japanese origin was seen in 
the monstrous animals of the chimera class, the three-ringed 
bottle, the tall shapeless beaker, and the large circular dish, 
which were long regarded in Europe as favorite ornaments ; 
while the common articles were so generally distributed as to 
obtain for Delft, the title of the ^^ parent of pottery." The 
fine English wares introduced by Wedgwood and others were 
the means of injumg the trade of Delft. 

In England, the first manufactory of fine earthenware is 
said to have been erected in the reign of Elizabeth at Strat- 
ford-le-Bow. The well-known Shakspeare jug is cited as a 
good specimen of Elizabethan pottery. It is of cream-colored 
earthenware, about 9 inches in height and 16 in circumfer- 
ence in the largest part. Its shape resembles that of a mod- 
em cofiee-pot. It IS divided lengthwise into eight compart- 
ments, each containing a mythological subject in high relief 
and of considerable merit. The silver top is a modem ad- 
dition. The Elizabethan pottery nearly approaches in hard- 
ness that of fine stone-ware ; it is of a dingy white, and its 
ornaments in relief consist mostly of quaint figures and foli- 
age. In the reign of Elizabeth the Staffordshire potteries 
came into notice, of which some of the earliest specimens 
consist of butter-pots of native brick earth, glazed with pow- 
dered lead-ore, which was dusted on while the ware was in a 
green state ; the <t^, or drinking-cup, with three handles ; 
and the parting-cup, with two handles. In 1684 a manu- 
factory of earthenware was established at Fulham, some of 
the products of which, under the name of Fulham-ware^ViVQ 
still valued by collectors. They consist of white gorges or 
pitchers, marbled porcelain vessels, statues, and figures. The 
proprietor, Mr. John Dwight, attempted to produce the trans- 
parent porcelain of China, but his success waanotaw<:!cL^'& V^ 




150 Five Black Ahtb. 



turu hin rom the more profitftble manufacture of eartben- 
ware. j lOut the time of the RevolutioD, ale-jugs of natire 
marl, ornamented with figures in white pip-cla;, were intro- 
duced. During the reigns of Anne and George I. an im- 
proved ware was made of sand and pipe-clay colored with 
oxide of copper and manganese, form'tng the wcll-koowa 
agate-ware and tortoisexhelUware, conferring on the pottery 
the character of » which was subsequently so 

much improved u_j i and introduced under the 

name of Queen^»-w 

The procei form an epoch id the his- 

tory of the n. ... _ .jiab )od was tlte son of a potter 

at Burslem in Stafford . ; was born about the year 
1730, and can scarceU «= rO have received any forma! 

education. At the i n he entered his brother's 

pottery as a thrower ik L^ 1 not been long so cognged 
before he was attacl by smmi-poK, which left him wi£ a 
lame leg, and rendei-eu amputation necessary. Uis first at- 
tempts lo settle ill life were not fcrtunate; he became part- 
ner for a short time in 1752 with a man named Hanisoo, at 
Stoke, where he is said to have first felt a strong denre to 
manufacture ornamental pottery. His next partner wai 
named Wheildon, and his employment consisted in manij&e- 
turing knife-handlee in imitation of agate and tortoise-BhcU, 
melon table-plates, green pickle-leaves, etc. ; bat he could not 
induce his partner to embark largely in the production of 
ornamental wares, nor was there much encouragement lo do 
80. The upper classes of Great Britain obtained their poree- 
Ifun from China ; the great hulk of the earthenware in do- 
mestic use was supplied by France, Germany, and Holland ; 
and even the trade in tobacco-pipes, in which England had 
attained some success, was becoming monopolized by the 
Dutch. To compete with these fonnidable rivals required 
the courage and persistence of genius ; and Wedgwood was 
not slow in bringing them to hear upon the native materials 
which surrounded him. Accordingly, in 1759 he established 
a small factory on his own account at Burslem. Here he 
must have been successful, for he soon undertook a second 
manufactory, where ho produced a white stone-ware, and 
afterward a third, where he manufactured his celebrated 
eream-colored wart. Some specimens of the latter having 
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been sbown to Queen Charlotte, her Majesty was so pleased 
with them that she appointed Wedgwood the royal potter, and 
gave permission for calling the ware Queen's-ware. Wedg- 
wood had now no longer reason to complain of want of taste 
or of prtronage on the part of the public, and nobly did he 
use bis best exertions to encourage the one and respond wor- 
thily to the other. He studied the chemistry of his day, and 
courted the society of scientific men, with a view to improve 
the composition, glaze, and color of his wares. He invited 
good artists to furnish him with designs, among whom was 
the celebrated Flaxman. Among Wedgwood's inventions 
may be mentioned a terra cotta^ resembling porphyry ; la- 
MoltSj or black ware, which would strike sparks like a flint ; 
white porcelain biscuit^ with propertiea similar to basalt; 
bamboo^ or eane-eolored biscuit ; jasper , a white biscuit, of 
exquisite delicacy and beauty, well adapted for cameos, por- 
traits, etc. ; also blue Jasper and green Jasper, and sl porcelain 
biseuit little inferior to agate in hardness, and used for pes- 
tles and mortars in the laboratories of chemists. He also 
succeeded in imparting to hard pottery the vivid colors and 
brilliant glaze of porcelain. About the year 1762 Wedg- 
wood opened a warehouse in London, and intrusted it to the 
care of Mr. Bentley, a gentleman of recognized taste, who 
succeeded in attracting attention to the rising Staffordshire 
works, and also in obtaining the loan of vases, cameos, ori- 
ental porcelain, etc., which at that time were difficult to 
procure, especially for the purposes of the manufacturer ; 
but such was the sympathy of persons of taste with Wedg- 
wood's pursuits, that they freely lent their fictile treasures 
either to be copied or to suggest new designs. Even the 
Barbarini vase, which was purchased by the Duchess of Port- 
land for 1800 guineas, was lent to Wedgwood, who, after ex- 
ecuting fifty copies, destroyed the mould. Wedgwood's wares 
now became so deservedly popular that the extension of his 
works in Staffordshire led to the formation of a new village 
near Newcastle-under-Lyne, which was named " Etruria," 
from the resemblance which the clay dug there had to the 
ancient Etrurian earth, and also probably to mark the success 
with which Wedgwood had imitated the ancient Etruscan 
ware. This village long continued to be a center of attrac- 
tion for travelers from all parts of Europe, and we may still 
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trace that celebrity in maoy noted collections of the ceranue 
art, Wedgwood's finest productions takiDg rank with the 
choicest apeciraensof Dresden and Sfirrea, \Vedgwoi>d died 
at his tnanaion in Etruria in 1796. 

The Btone-ware which Wedgwood so greatly improved had 
long existed under various forms in different potteries of the 
world. Ill some cases it was common, and in others &a«— 
the diSerencc consisting in the composition of the paste. The 
Chinese were acquainted with this ware, and were accustomed 
to use it as the hasis for a surface of porcelain paste. The 
stone pottery of the Rhine of the sixteenth century is esteemed 
by collectors for its quaintness of form, richness of ornament, 
and the color of its enamel. Greg Flamand, or Flemish 
stone-ware, of the period between 1640 and 16^0 is remark- 
able for its beautiful blue color, quaint forms, and rich oma- 
tnents. Franco also appears to have manufactured stone- 
ware before the sixteenth century. In England, Dutch and 
German workmen were engaged in the manufacture at an 
early period. In lOHO tliL- iiiodo of glazing by uicaiis of com- 
mon salt enabled the stone-ware manufacturers to competa 
successfully with delHi and soft paste fabrics. Toward the 
and of the seventeenth century a very fine unglazed atooft- 
ware, with raised omamenta, known as red Japan wars, wai 
made in England, after the failure of many previous attempts. 
It appears that two brothers named Elers, from Nuremberg, 
discovered at Bradwell, about two miles from Bursleni, a bed 
of fine red clay, which they worked at a small factory erected 
on the bed itself. They endeavored to conceal their discor- 
ery, as well as their mode of working, for which purpose they 
employed the most ignorant assistants that they could meet 
with ; but no sooner did their ware attract attention than a 
potter named Astbury, feigning to be an idiot, entered tha 
service of the two brothers, and having learnt all their secrets, 
established a factory for himself; the processes soon became 
known, and others followed the example. In 1720 the two 
brothers closed their establishment, and entered the porcelain 
manufactory at Chelsea. Mr. Marryat characterizes their 
ware as being fine in material and sharp in execution, the or^ 
naments being formed in copper moulds. 

Regarding stone-ware as a connecting-link between earth- 
enware and porcelain, we come now to the history of the 
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latter article. China, Japan, and Persia are the earliest na- 
tions which produced this beautiful material. Bottles of 
Cluneae mann&ctare have been found in the tombs of Thebes ; 
and from an inscription on one of ihem, the date of the man- 
Q&otnre would appear to be between 1576 B.C. and 1289 B.C. 
The workmanship, however, is inferior. Porcelain seems to 
have been common in the Chinese empire in the year 168 B.C., 
and to have attained its greatest perfection in the year 1000 
A.D. The porcelain tower near Nankin was erected in 1277. 
Marco Polo describes the manufacture in China during the 
thirteenth century. Specimens of the ware had gradually 
ibund their way to Europe, but were not generally known 
until the Cape of Good Hope had been doubled by the Portu- 
guese. The latter were so struck with the resemblance be- 
tween the texture of this fine ware and that of cowrie-shells 
or ** porcellana/' as they were called, that they imagined 
that the ware might be made of such shells, or of a compo- 
sition resembling them, and named it accordingly. They im- 
E>rted numerous and splendid collections of the ware into 
arope, where it was also named from the country which pro- 
duced it ; and, from its ringing sound, ^* China metal." Ic 
was also called '^ China earth." On the expulsion of the 
Portuguese, the Dutch succeeded in establishing a traffic with 
India and Japan ; and Europe was for a long time supplied 
with porcelain through Holland. The English shared in the 
trade somewhat later, through the medium of the East India 
Company ; but the taste for collecting china had become very 
general, and about the middle of the seventeenth century 
had amounted to a passion. The writers of the day fre- 
quently refer to it, especially in Queen Anne's reign. The 
French, who had established missions in China, succeeded in 
obtaining, from time to time, information respecting the man- 
ufacture. Fokien was represented as the seat of manufac- 
ture of the pure white porcelain of China, some of which 
consists of small cups and similar articles, with inscriptions, 
devices, etc., under the glaze, so that they can only be seen 
by holding the article up to the light. Nankin produced the 
blue and white porcelain, as also the pale buff on the necks 
of bottles and backs of plates. King-te-tching was named 
as tho origin of the old sea-green and crackle porcelain. To 
the former the term celadon has been applied ; but tho French 
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levin to porcelain of any tint invhich tbe coloresre 
tbe glaze, and burnt in at the firat firing. In Bcwe 
.ea iwo or more colors are blended bo as to give the appea> 
se of shot-ailk ; a variety, known as marbled, belongs to 
I clnsa. and resembles marble in its coloring and veiniog. 
icltle china, in which an immense number of tracks occur 
vii tlie surface in small regular figures, ia duo to the unequal 
expansion of the gWu , The crackled " tsoui-kbi" 

are produced by combiu.. :e with the ^Inze ; and this 

when fired, splits into a nc over the surface. A simi- 

lar effect can be produced ■■. nging the heated porcelwn 
into cold water ; the cri then filled id with a thick 

ink or red-ocher. The a..- ■ :ackte is so much esteemed 
in Japan that as much as has been paid for a single 

apecimen. The Chinese cun ware Btiake-poreelain ; and 
the French apply to it the te.m yorcelainn truitee. But the 
perfection of the ceramic art among the Chinese is e.ibibited 
in their egg-shell porcelain, which is thin and transparent, 
and resembles an egg-shell in appearance. This ware is cil- 
ored citron-yellow for the exclusive use of the emperor, and 
ruby for the use of tbe imperial family. The porcelain in 
common use in China is brown, tbe inside being white, and 
white medallions outside. There is also an inferior and mod- 
em porcelain, manufactured at Canton, and known as Indian 
china. But all tbe specimens of Chinese porcelain, however 
beautiful may be the material and delicate the testure, how- 
ever brilliant tbe color and pure the glaze, the form and the 
design are hideous. It has been remarked that the vase of 
the humblest Greek potter of the best period has an sestbetie 
value far surpassing the most costly productions of the Ce- 
lestial Empire. The porcelain of Japan is in better taste than 
that of China, the dragons being less monstrous and the 
flowers more natural. 

After the introduction of Chinese porcelain into Europe, 
many attempts were made during two centuries to imit&te it. 
The first successful experiment was the result of one of those 
accidents which are doubtless of frequent occurrence, although 
the quality of mind required to take advantage of them ia 
rare. John Frederick Bottcher was an apothecary's assist- 
ant at Berlin : be was fond of chemistry, and conducted his 
experiments with so much ardor that the authorities could not 
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resist the conclusion that he was practicing the black art. 
He found it convenient to make his escape from Berlin and 
to visit Dresden, where the Elector of Saxony, Augustus IL, 
]>atroniied chemistry, not from the love of science, but from 
that of gold. Bottcher claimed the protection of the elector, 
irho eagerly inquired of him respectmg the transmutation of 
the baser metals. With the natural frankness of his charac- 
ter, Bottcher confessed his ignorance, but was disbelieved. 
Why should a man study chemistry except to enrich himself? 
it was argued ; and as the elector was already patronizing 
the alchemist Tschimhaus in his endeavors to discover the art 
of transmuting old age into youth, by means of the elixir 
vitcBj he associated Bottcher with him, with strict orders not 
to let him out of his sight. Bottcher was employed to seek 
after the philosopher's stone ; and in the course of his experi- 
ments he made some crucibles, which, on being fired, pos- 
sessed many of the characters of oriental porcelain. The 
vessels were made from a brown clay found near Meissen, 
and they were of a reddish tint. When the result was brought 
before the elector he appreciated its importance ; and in order 
that Bottcher might pursue the inquiry in secret, he sent him 
to the castle of Albrechtsburg, near Meissen, where he was 
magnificently entertained, but restrained in his personal lib- 
erty. So much importance was attached to the secret, that 
during the troubles consequent on the invasion of Saxony by 
Charles XII. of Sweden, Bottcher, Tschimhaus, and three 
workmen, were sent to the fortress of Eonigstein on the Elbe, 
where a laboratory was prepared for them. Bottcher's fel- 
low-prisoners formed a plan of escape, which he communica- 
ted to the commandant, whereby he gained favor and a little 
more personal liberty. In 1707 he returned to Meissen, 
where he continued to prosecute his experiments, delighting 
every one around him with his active cheerfulness, and keeping 
up the spirits of the workmen during the furnace operations, 
which sometimes lasted sixty hours consecutively. Tschim- 
haus died in the following year, and Bottcher enlarged the 
scale of his operations ; he caused a new furnace to be erected, 
and extended the time of firing to five days and five nights. 
The elector was present at the opening of the fumace, and 
expressed his satisfaction at the progress which was being 
made. Up to this time, however, the only result was a kind 
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of red and white stone-ware ; and when, in 1709, Bottohn 
Bticceeded in producing a white porcelain, it became bent, 
and cracked in the fire. The progress, however, was deemed 
to he sufficient to determine Augustine to establish a manu- 
factory at Meissen, and to appoint Bottcher the director. In 
1716 the new factory produced a beautiful deacription of poi*- 
celain by means of the kaolin of Aue in the Erzgebirgc, the 
discovery of which was made by an ironmaster of the dis- 
trict named Schnorr. This man had observed, while riding 
near the place, that his horse's feet stuck in a soft white te- 
nacious earth, and it occurred to him that if this earth were 
dried and reduced to powder, it would make a good substi- 
tute for hair-powder, which the fashion of the day required, 
all except the poor, to use. Accordingly he manufactured the 
powder in large qaantitics, and found a ready sale for it in 
Preaden and elsewhere. Bottcher's valet used it, and so in- 
creased tho weight of his master's wig as to lead to inquiry ; 
and Gnding that the new hair-powder was of mineral origin, 
the idea flashed across his mind that this white powder might 
he useful in hia experimenta. He made the attempt, and was 
delighted to find that he had at length discovered ths long 
vished-for material for making white porcelain. The secret 
80 curiously obtained waa for a long time as carefully guarded. 
The powder waa made to retain its commercial name of 
" Schnorr'a white earth" (iSnomtcA* toeUte Erde), its 
export waa forbidden, and it wae introduced into the factory 
in sealed barrels by persons sworn to secrecy. All persons 
connected with the factory were obliged to take a similar 
oath ; no visitor was admitted ; and the factory waa regulated 
afler the manner of a fortress. The motto in large letters, 
" Be secret unto death" (^Qeheim bit tna (?rai), was set up 
in each room ; the oath to the workmen was renewed every 
month ; and when the king or any distinguished visitor was 
ftlbwed to enter the factory, a similar obligation was im- 
posed on him. 

But all this parade of secrecy would make it clear to the 
most ill-informed workmen that the secret had a high mark- 
etable value, and we cannot wonder that it should have been 
sold to one or other of the monarchs of Europe, most of whom 
were ambitious to manufacture oriental porcelain. Bottcher 
died in 1719, at the age of thirty-seven, but before his pre- 
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matare death, a foreman had escaped from the factory, and 

I>roceeding to Vienna, sobmitted to be bribed, and it was not 
ong before rival factories sprang up in different parts of 
Germany. A few years ago the writer visited the Meissen 
factory, which is pleasantly situated on the banks of the 
Elbe ; it still retains something of its fortress character, al- 
though the workshops are light and cheerful. The principal 
room is adorned with the bust of Bottcher. The factory, 
however, has lost its former vigor : an air of lassitude seems 
to pervade the place, and neither there nor at Sdvres are we 
impressed with the idea that the work is being done in earn- 
est, as it is at such an establishment as Minton's at Stoke 
upon-Trent. There can be no doubt that private enterprise, 
unshackled by state restrictions, is the only healthy condition 
of the useful arts. A royal factory, which can neither be- 
come bankrupt nor meet with the wholesome stimulus of com- 
petition, is not likely to be worked at a profit, nor to inspire 
activity in its attendants. 

The temporary success of the Meissen factory depended 
on the singularity of its position. There was a great demand 
in Europe for fine porcelain, and Meissen was in a condition 
to supply it. The first productions of the factory were mostly 
inutations of oriental patterns, but they were deficient in grace 
and lightness. There was a marked improvement when Kand- 
ler, a professional sculptor, was appointed in 1781 to superin- 
tend the modeling. He introduced wreaths and bouquets, 
animals and groups of figures, with the feeling of an artist. 
The works were arrested by the Seven Years' War ; but 
after this calamity Meissen became celebrated for its exquis- 
ite miniature copies of the best works of the Flemish school, 
together with birds and insects, painted by Lindenir, and 
flowers and animals by the best artists. In 1745, when 
Frederick of Prussia took possession of Dresden, he obtained 
among the spoils of war enormous quantities of porcelain. 
He also removed to Berlin some of the workmen, together 
with the models and moulds of the finest pieces. Again, in 
1759, the factory was plundered and its archives destroyed : 
it revived somewhat under Dietrich the painter, Liich the 
modeler, Breicheisen, and the sculptor Fran9ois Acier. Grad- 
ually, however, the factory ceased to be profitable, and was 
for many years maintained at a loss ; when some years ago the 
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king gave it up to the finance de|>artinentof the state. The 
finest works of art are no longer produced ; and it is atw 
stated that the beds of fine clay in the neighborhood an 
nearly exhausted, and that an inferior material from Ztttau it 
used instead.* Various marks were placed on different pe- 
riods; the first mark consisted of the letters A. R. (Augn»- 
tii9 Rox), and was placed on all pieces not intended for sale. 
The well-known mark of the electoral swords, crossed, aim 
diatinsuiahes Dresden china. Fac-siniiles of these mar^s, 
and of the marks and monograms of other celebrated Euro- 
pean potteries, are given in Mr. Marryat's work. 

Among the best of the Dresden works are groups from 
antitiue models; lace figures, so called from the fineness of 
the lace-work in the dress; flowers, evidently studied from 
nature ; and vases richly adorned and incrusted, forming 
what is called honey-comb china. But even during the 
palmy time of this manufacture, namely, from 1731 to 1756, 
the productions were sometimes disfigured by the highly arti- 
ficial taste of the a^e. 

The first rival of Meissen was'the porcelain factory of Vi- 
enna, which originated in 1720, in consequence of the per- 
jury of a Meissen workman, as already noticed. The ho- 
tory does not, however, appear to have fiourisbed until wanned 
into life by the patronising smiles of Maria Theresa in 1744, 
and of the Emperor Joseph. The porcelain of Vienna holds 
a lower rank than that of Dresden or of Berlin. It is not 
BO light as that of Dresden, and the glazing has a grayiafa 
tint. Its chief feature is its raised and gilded work, whicb 
are in good taste, and of late years the application in relief of 
Bolid platinum and gold. The works are now in private hands, 
and iJie chief markets for the sale of the ware are in Turkey, 
Russia, and Italy. 

As the Vienna works were based on treachery, so was the 
next important establishment based on the defection of a Vi- 

* This Btatement ti m»d<! on tbe Kuthorit; ot Vr. Ttirrjit ; bat at th« 
time we ve writing aa bccouqI 1b given in the German paper* of sn order 
from I'ariii having been executed ut MeiBsen, coneiBtlDg of porlraiu of the 
Emperor and Empress of the French, of a mtdBlKon Hhape, and iDcJueed 
Id a ricb portelaln fhtme. According to Ibc German critics, " these are tin 
flaest worki of art which porcelain painting hu jei produced." If Uiii 
criticlKm be true, or even partially true, the Meissen works must bare a- 
per fenced ao extraordlnarf reTiTU. 
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ennese workman. A celebrated pottery was already in ex- 
istence at the viUage of Hochst on the Nidda, when in 1740 
a man named Ringler undertook to superintend the manufac- 
ture of porcelain if the proprietors would introduce it. This 
man appears to have been simply a knave without skill or in- 
vention ; he had committed to writing the various processes of 
the Vienna establishment, and Concealing his manuscript 
about his person, consulted it every time he had to give out 
materials to the workmen. As knavery propagates itself, the 
workmen, taking advantage of Ringler's fondness for wine, 
invited him to a feast, where they made him helplessly drunk 
— when they robbed him of his papers, carefully copied his 
recipes, and then decamped to other parts of Germany, 
where they sold the secrets to those who were anxious for 
their possession. Hence originated from one source the por- 
celain factories of Switzerland, of the Lower Rhine, of Casscl, 
and even of Berlin. The Fiirstenburg works, in the duchy 
of Brunswick, originated in a bribe offered by one of the dukes 
to a Hochst workman. The works at Frankenthal in Ba- 
varia originated in a pottery which was visited by Ringler 
after he had been plundered of his papers. • The factory of 
Nymphenburg in Bavaria had a similar origin. The porce- 
lain of this factory is much esteemed, many of the designs 
having been furnished by the celebrated picture-gallery of 
Munich. A factory at Baden was conducted by some of the 
Hochst workmen until 1778. The factory of Ludwigsburg, 
begun in 1768 under the patronage of the Duke of Wirtem- 
berg, has executed some beautiful works, which are known 
as Cronenburg porcelain, from the town of that name, and 
the mark GC on its wares. The distance from which the 
clay and the fuel had to be procured prevented the suc- 
cess of this establishment. The porcelain factory of Ber- 
lin was first undertaken in consequence of the information 
supplied by the men who robbed Ringler ; but it was not very 
successful until a more magnificent fraud had been perpe- 
trated, namely, the transference of the best of the work- 
people, and the material of the Meissen factory, as already 
referred to. The Berlin porcelain was, of course, only an 
imitation of the Dresden, but the factory was carried on with 
such vigor as to yield to the king an annual revenue of 
200,000 crowns. In 1790 a second royal porcelain factory 
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was established about tvro milea from Berlin. To ona if 
Ringler'a fraudulent comrades is also due the factory est^ 
lished at Fiilda, about 17153. The prince-bishop of FiiU* 
established another factory in a house adjoining tho cpi»w> 
pal palace ; but it ia said to have failed in consequence of tbt 
taste for porcelain extending to the dignitaries of the church, 
wbo claimed the privilege of carrying off specimena wilheat 
paying for them. The porcelain factories of Tliiirin^ 
originated about 1758, when an old woman having sold sow 
sand at the house of the chemist Macheleid, his son, struck 
by its appearance, experimented on it, and obtained by its 
means a porcelain-looking substance, whereupon the Prince 
of Schwartzburg sanctioned the erection of a factory at Sin- 
erode, which nas afterward removed to Volkstadt. The abund- 
ance of fuel supplied by the Thuringian forest led to tho erectioo 
of other factories, such as that of Wallendorf in Sase-Coburg, 
Limbacb in Saxo-Meinengen, the director of which succeeded 
so well as to be able to purchase the factory of Grosbreiten- 
bach in Rudelstadt, and also that of Kloster Veilsdorf. Fac- 
tories were also founded at Gotha in 1780, at llildburghaus, 
at Anspach, at Ilmenau, at Britenhach, and at Gera. All 
these factories had their periods of prosperity, and produced 
porcelain which is still esteemed hy collectors. Some of 
them have degenerated into potteries, and some produce pipe- 
bowls as their only article in porcelain. Nor will our list ap- 
E roach completeness without mentioning a factory established 
y the Empress Klizabetb in 1756, near St. Petersborg, 
which still continues to produce good porcelain from natiro 
materials. Denmark has a factory at Copenhagen ; it is sup- 
ported by the government, but is said to be, commercially, a 
fulure. The factory at Zurich in Switzerland was establi^ed 
OQ the information supplied by one of Ringler'a workmen. 
A factory at Kyons, in the Canton de Yaud, has also pro- 
duced some good porcelain. 

During all this active rivalry on tho Continent it will not 
be supposed that England had escaped the porcelain-making 
mania. Bow and Chelsea produced the first porcelain worki. 
They made a soft ware from a mixture of white clay, white 
sandfrom Alum Bay, and pounded glass. The Chelsea works 
do not appear to have been id a very flourishing conditi<»i 
until George II. imported workmen, models, and matetiala 
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from Brunswick and Saxony. Chelsea porcelain then became 
the rage, and such was the eagerness to obtain it, that it was 
Bold bj auction to the highest bidders, the dealers rushing in 
Crowds to compete for it. Some of the best works were pro- 
auced between 1750 and 1755 : they are in the style of the 
best German ; the colors are fine and vivid, and the claret 
color is peculiar. Bow china, made at Stratford-le-Bow, has 
some resemblance to that of Chelsea, but the material is not 
80 good. Its principal productions were tea-services and 
dessert-sets. In 1750 was established the factorv at Derby, 
which became important in consequence of the introduction 
of the Chelsea artists, workmen, and models, the junction of 
the two factories being notified by the anchor and the letter 
D, the monograms of each manufacture. Flaxman furnished 
designs for the establishment ; but the union did not continue 
long ; the partners quarreled, and one of them destroyed the 
models. Mr. Marryat describes the Derby porcelain as be- 
ing very transparent, of fine quality, and distinguished by a 
beautiful bright blue, often introduced on the border or edge 
of the tea-services, the ground being generally plain ; the 
white-biscuit figures are said to equal those of Sevres. The 
Worcester works were established in 1751 by Dr. Wall 
and some others, under the name of the Worcester Force- 
lairl Company. The company first imitated the blue and 
white Nankin china; they afterward adopted the Sdvres 
style, with the Dresden method of painting. These works 
are remarkable as being the first to make use of the Cornish 
stone or kaolin, discovered by Cookworthy in 1768. They 
are still carried on with distinguished success by Messrs. Kerr 
and Binns. In 1772 a factory was established at Caughley, 
near Broseley, Colebrook Dale, the productions of which are 
known as Salopian ware. Early in the present century some 
good porcelain was made at Nantgarrow and Swansea ; it is 
also stated that the Bristol china, a white ware formerly com- 
mon jn the west of England, was made in Wales, and sold in 
Bristol. 

France regarded with impatience during sixty years the 
progress of porcelain in Europe, and although eminently quali- 
fied in point of taste, skill, and science to contribute to the 
ceramic treasures of the world, she was unable to compete 
with other nations for want of a suitable raw ma.W\«\« \\i 
11 
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is tnie that as euly as 1695 a soft poreebun had been 
i&ctared at St. CHoad, and that some <^ the aeieodte Mt 
cf France bad endeaTond, under rojral patrooage, to iSao&m 
the secrets of the art, bat no mat success was atSaiosi 
The company had been established at Yincennes, bot fat 1768 
ibey remoTed to a large boUdbg which they had arceted at 
Sdvres. In 1760 Loois XV. bonsht np the estabtisbsNi^ 
probably at the instigation of Madame de Pompadoury wk 
feems to have shared with her sex the pasnon for china. The 
fiictory became celebrated for its porceudn, ixcpaU Umdt%\fA 
the great point aimed at was to produce the hard p o we h ai 
which had rendered Saxony the envy of Europe. Bat kaoBa 
was not known in France, nor was its presence even eoapeetsd, 
until about 1768, when the wife of a surfleoo named Dunetcf 
St Trieix, near Limoges, having noticed in a ravine near the 
town a white unctuous earth, thought that she might rdieve 
her husband's poverty somewhat by using it in her hones in- 
stead of soap. The surgeon showed a portion of the subatanee 
to an apothecary of Bordeaux, who being aware of the searcb 
that was being made for porcelain earth, forwarded a speci- 
men to the chemist Macquer, who recognized it as the much- 
desired kaolin. Assuring himself that an abundant supply 
could be had, he established the manufacture of hard porce- 
lain at Sdvres in 1769. At first some difiiculty was experi- 
enced in managing the colors upon the more compact and 
less absorbent material, so that the soft porcelain continued 
to be made until the year 1804. 

Such, in few words, is the origin of the hard porcelain of 
Sdvres. The pate tendre was not considered as real porce- 
lain, but the taste and skill of the French are remarkable in 
carrying it to the highest pitch of perfection under many diffi- 
culties, arising from its complicated and expensive compoa- 
tion, and from its liability to collapse during the firing. Mr. 
Marryat speaks of it as being '^ remarkable for its creamj 
and pearly softness of color, the beauty of its painting, and 
its depth of glaze." The ware for common or domestic use 
had generally a plain ground, painted with flowers in patterns 
or medallions; articles de luxe^ and pieces intended for rojal 
use, had commonly grounds of various colors, such as bleu de 
roiy bleu turquaisey jonqmlUj or yellow, vert fre%y or green, 
and a Urely pink or rose color, named after Madame Dubarry. 
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Skillful artists were employed upon the finest porcelain, which 
is adorned with landscapes, flowers, birds, bojrs, and cupidi 
gracefuUj arranged in medallions. Some of the specimens 
are painted with subjects afxer Watteau, and other known 
masters. The jeweled cups, with the blue de rai ground are 
celebrated. The best period of the soft porcelain was from 
1740 to 1769, and the tests which Mr. Marrjat gives to dis- 
tinguish it form its highest praise, namely, ^^ the beauty of 
the painting, the richness of the gilding, and the depth of 
color." In point of form the Sdvres china is not equal to 
that of Dresden. A law ^as passed in 1766, and renewed 
in 1784, limiting the use of gold in the decoration of porce- 
lain to the royal manufactory of Sdvres, which accounts for 
the rarity of old French gilded porcelain. 
. At the time of the Revolution many fine specimens of Sdv- 
res porcelain in the royal palaces and mansions of the nobility 
were destroyed. The establishment of Sdvres, however, was 
supported by the revolutionary government, who appointed 
three commissioners to manage it. In the year 1800 the 
first consul appointed M. Brongniart as director. He held 
the appointment during forty-seven years, and originated the 
celebrated Musee Ceramique, consisting of a historical series of 
specimens illustrative of the ceramic art in all times and among 
all people, together with a collection of raw materials, tools 
implements, trial-pieces, models of furnaces, etc. On our 
Tisit to this museum, we were particularly stnick with a col- 
lection olfailureiy or specimens showing what had been done 
to overcome faulty results, and what it was hopeless to at- 
tempt. M. Brongniart is also the author of a classical work 
on the art to which he devoted his life with such dbtinguished 
success.* M. Ebelman succeeded Brongniart as diiector. 
and held the appointment for a year or two. The present 
director, M. Regnault, was appointed by the Emperor Na- 
poleon III. 

The following is a list of the more celebrated porcelain 
manufactures of France : Chantilly, which owed its origin 
in 1735 to a workman from St. Cloud ; Menecy, founded in 
1735 under the patronage of the Due de Yilleroi ; Sceaux- 

* Traits des Arts C^ramiqaes on des Poteries confiiderdes dans Icar his- 
toire, Icur pratique, et leur theorie, par Alexandre BroDgniart, etc,, etc. 2 
yoJM, Svo, with aa Atlas of plates. Faris, 1844. 
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pentVi^vre, established in 1751 ; Clignancourt, 1750, uniiet 
the patrnnnge of the Duke of Orleans; Eiiollen, near Cor- 
bcil, 1766; Bourg la R-ine, Paris, 1733. Lille, esU^ 
lubed, it is supposed, in 170*4, when the Dutch were masten 
of the town; Arraa, 1782; Tournn;, 17.'.0. At St Amaod 
les Eaux, near Valenciennes, and at Tournay in Btl^iuin, 
are two factories, the only two in Europe where the o\d pale 
ttndrf of Sf^ires is still produced. 

As respects Italy, a factory was establiahed at Doccia, 
near Florence, at the beginning of the eighteenth century. 
Venice also manufactured porcelain nntil 1812, There was 
also a factory at Vineuf, near Turin; but the moat fainotu 
factory in Italy is the Capo di Monti at Naples, founded by 
Charles III. in 173(i, This sovereign appears to have ex- 
celled the olher royal amateurs of Europe in the ardor with 
which be cnltivated the ceramic art, and he even surpassed 
Augustus III., who was nicknamed by Frederick of Prussia 
" the Porcelain King," and who exchanged a whole reiiiment 
of dragoons for some huge useless china vnses. Charles III. 
even worked in the factory with hia own hands, and held an 
annual fair in front of the royal palace at Naples, where there 
there was a shop for the sale of the royal productions ; and there 
iras no more certain road to the king's favor than to become a 
purchaser. When Charles became king of Spain be fonndeda 
factory at Madrid, and that at Naples declined. His suo- 
cessor Ferdinand sanctioned the erection of other porcelain 
works, and allowed the royal workmen to assist in their form- 
ation ; and they appear not only to have assisted but to have 
robbed the parent factory of its gold and silver models and 
other valuables. The royal factory was closed iu 1821. The 
porcelain of Capo di Monti is not, as is commonly the case, 
an imitation of that of some rival factory. Its beauty and 
excellence are due to the design from shells, corals, embossed 
figures, etc , artistically monlded in high relief. Mr. Mar- 
ryat regards the tea and coffee services of this ware as per- 
baps the most beautiful porcelain articles ever produced id 
Europe, for transparency, thinness of the paste, elegance of 
form, and gracefully-twisted serpent handles, as also for the 
delicate modeling of the ornamental groups in high relief, 

Jiainted and gilt, contrasting well with the plain ground. Ilie 
'actor/ at Madrid was coudacted with the utmost Booreoy 
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during several reigns, but was destroyed by the French in 
1812. Portugal has a factory of hard porcelain near Oporto. 
The prices paid for porcelain are high. As much as 150/. 
has been paid for a single specimen of majolica; while a 
service of Chelsea ware has cost 12002. One of Sdvres, of 
a good period, 30,000 livres ; while the Dresden ware was 
equally costly. Although our modem manufacturers have 
produced porcelain rivaling that of the be^t periods of cele- 
brated works, the price still continues to be necessarily high, 
where the materials require to be treated with the precision of 
a chemical process, ond the design and ornamentation require 
high artistic skill. Mr. Minton received 1000/. for his service 
of turquoise and Parian ; Lord Hertford gave 1000/. for two 
vases; Mr. Mills the same; one of the Queen's vases has 
been valued at 1000/.^ and Lord Ward gave 1500/. for a des- 
sert service of Sdvres. Such works as these, however, be- 
long rather to the fine arts than the useful arts, to be preserved 
in cabiuets and museums. Formerly it was customary on 
great occasions to serve the guests on porcelain, which gave 
to wealth a real distiuctioo. In those days the transition 
from porcelain to earthenware was abrupt ; but through the 
exertions of Wedgwood and others, porcelain now descends 
through numerous varieties of material, style, taste, and dec- 
oration ; so that every class of consumer may suit his own 
taste and means. Our trade in earthenware has of lato 
years gone on increasing. In the year 1835 the declared 
value of earthenware exported from the United Kingdom 
was 540,421/. ; in the year 1857 it amounted to 1,488,668/. 
Our exports extend to most parts of the world, including 
Russia, Austria, Turkey, and even France. The United 
States of America take nearly, the half of our exports in 
earthenware, so little has the potter's art been encouraged in 
the New World.* Our exports to foreign countries would 
doubtless be larger if the restrictions were fewer and less 
clumsy. In Germany and Italy the duty is levied on the 
weight; so that Wedgwood, on account of the lightness of his 
ware, was long able to command the market in those states. 
In France the duty on common English china of one color, 
without gilding or ornament, is lo4 francs per 1000 kilo- 

• Stone-ware is exicnaiyely manufactured ia 1^0TX\icrii0\i\^« 
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grammes (200 lbs.) ; for fine china, S27 francs for the same 
quantity. The most whimsical of all tariflb is that of Porto- 
gal, where the charge is according to the number of colon; 
so that, as Mr. Wall remarks, ^^ no man^s pojket could stand 
the choice of a rfdnbow pattern." 

THE MATERIALS. 

Clay, which forms the basis of pottery and earthenware, ii 
not only abundant and widely diffused, but presents so nuuiy 
varieties that much experience and judgment are required in 
adapting the kind of clay to the article to be manufactured. 
Brongniart enumerates 167 varieties of clay, and states their 
physical and chemical characters, composition, locality, and 
application. Some of the commonest varieties of clay con- 
sist of — 1. Pipe clay. It has a grayish-white color, a 
smooth greasy feel, an earthy fracture ; it adheres to the tongue, 
and is plastic, tenacious, and infusible. It becomes of a cream 
color when fired; and is used for tobacco-pipes and white pot- 
tery. It is found near Poole in Dorsetshire. — 2. Po'ier*9 
day. This is of various colors ; those used in the Stafford- 
shire potteries are the brown and blue clays from Dorsetshire,* 
and black and crackiniuj clavs from Devonshire. The cclor 
of the black clay is due to bitumen or coaly matter, which 
disai)pear3 in passing through the kiln ; so that the wares 
formed of it are almost white. Crackini^ clay is esteemed on 
account of its whiteness, but as it is liaMe to crack during 
the firing, it must be mixed with other clays which are free 
from this defect. Brown clay when passed through the gloss 
oven sometimes causes the glaze to crack, or craze^ as it is 
called. For ordinary purposes blue clay is preferred ; it can 
be mixed with a larger proportion of flint than the other va- 
rieties, and thus produces a white ware. Potter's clay, mixed 
with sand, is formed into bricks and tiles. — 3. Stourbridge 
clay. This is of a dark color, from the presence of carbon- 
aceous matter, and from its being more refractory than pot- 
ter's clay, it is largely em[)loyed for glass pots, crucibles, etc. 
4. Brick clay or loam is abundantly met with on the London 
clay, and is often found on an interposed bed of sand. Its 

• In the yoar 1P55 tbpre were e'x\>0TVcd ^Tom Poole in Dorpetshire 53,702 
tOD8 of i\;ole clay, and 582 iouft wv:tc wmvI \.o \.o\\(iovw \i>j \>ij:\V*i^>i, 
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appearance, texture, and composition vary greatly; and the 
color depends on the proportion of oxide of iron contained in 
it. — 5. London clay. This is an extcnsire deposit of blaish 
claj: although near the surface, it frequently has the usual 
clay color. It extends over the greater part of Middlesex, 
a portion of Norfolk, and the whole of Essex and Suffolk. 
It is often found near the surface ; but the lower beds are 
sometimes yellowish, white, or variegated. Organic remains 
are found in it. — 6. Plastic clay. This skirts the London 
clay within the London chalk basin, and is also found in the 
Isle of Wight. This formation comprises a number of sand, 
clay, and pebble beds, alternating irregularly, and lying imr 
mediately on the chalk. 

The above varieties of clay are mixed with such substances 
as carbonate of lime, magnesia, protoxide of iron, manganese, 
finely-divided quartz, felspar, mica, organic matter, etc., which 
greatly modify its properties and applications. Pure clay is 
soft* more or less unctuous to the touch, white and opaoue, 
and has a characteristic odor when breathed upon. It is a 
compound, or perhaps only a mixture, of the two earths, alu- 
mina and silica, with water. Silicate of alumina enters 
largely into the composition of many crystalized minerals, 
among which is felspar, so abundant an ingredient in granite, 
porphyry, and other ancient unstratified rocks. Under cer- 
tain circumstances the felspar undergoes decomposition, and is 
converted into a soft friable mass. In certain districts of 
Devonshire and Cornwall the felspar of the white granite is 
often disintegrated to a great depth, and the rock becomes 
converted into a substance resembling soft mortar. This be- 
ing collected, is thrown into a stream of running water, which 
washes off the argillaceous portions, and holds them suspended 
while the heavier quartz and mica subside. At the extrem- 
ity of these streams the water is dammed up, forming catch' 
pools^ where the pure clay sinks and forms a solid mass, which, 
when the water has been drawn off, is dug out in blocks, and 
placed on shelves called linnees to dry. It is next stove- 
dried, crushed, packed in casks, and sent to the potteries, 
under the name of china clay^ or kaolin. It consists of 80 
parts alumina and 20 silica ; a proportion of undecomposed 
felspar, under the name of china-stone^ is sometimes added 
to the ingredients for porcelain. In the year 1855 as much 
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)n8 of china clny was sliipped from CornvKll, ni 
liiia-aione; trii'tle Devooshife shipped 20,0U0 Cool 
.»/, and 1100 of china clay. Of late yenn int- 
itboiU have boen ailnptej for getting out the cliini 
nvrall. At tlio Ltre Moor cla^'Warka.ftir example, 
g, the niana:;irig()ircclor, lias introduced the fulluw- 
gemeiiLs: The decomposed folsp&r 'a transferred 
ily from the qiir—y to l!;? """-ka, where it ia thruwit inW 
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lias a tendency to float, but be 
alumina, it gradually subsides 
current, which is now not sufficiently rapid to carry on the 
mica, nor sufficiently sluggish to all )w of the dtpositiun of the 
clay. When at length the strenm holds nothing but pure clay, 
it is allowed to flow into deep V-sh.iped channels, which term- 
inate in large covered reservoirs, in which the clay is depusit- 
ed. Warm-air pipes circulate beneath the reservoirs, so u 
produce a temperature of 90°. The fine clay soon suh^dea, 
80 as to allow of the clear water above it being drawn oC 
The mineral peffmalite a also valuable, as containing all tbe 
ingredients for hard porcelun. It consists of felspar, kaolin, 
and a small proportion of prismatic quarts. The miaeral 
must, howerer, be in the state of decomposition already re- 
ferred to. The quartz gives whiteness and transparency to 
hard ware ; but for soft porcelain bones are subsututed. 
These melt into a kind of semi-transparent enamel, wbicb 
imparts transparency to the ware. Steatite, or toap-ttone, ii 
also an ingredient in porcelain. The ttatuarjf porcelain 
known as Parian or Carrara, from its siuiilarity to those 
beautiful marbles, owes its effect chiefly to the use of a soft 
felspar instead of Cornish stone ; while its agreeable yellow- 
ish-white tint is due to the presence of a small poruon of 
oxide of iroD co&tained in the clays and the felspar. 
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The property possessed by clay of forming a perfietly 
plastic mass with water, and of bein j permanently fixed by 
heat, has led to its employment in the manufacture of bricks 
and vessels of various kinds, but it undergoes a large amount 
of contraction in drying and burning, to diminish which the 
clay is usually mixed with a considerable proportion of quartan- 
sand, or with the powder of previously-burnt clay. The 
quartz in pottery ware is in the form of flints ; these are ob- 
tained from the chalk districts of Gravesend and Newhaven; 
they are white outside, but dark and clear within. Such 
flints should be selected the fracture of which is free from 
yellow or iron stains. 

The preparation of the clay for such coarse articles as tiles 
consists first in weathering^ or spreading it out to the actioa 
of the air, so that by absorbing water the articles may sep- 
arate, and the clay work freely. It should be exposed to at 
teast one night's frost, or to one day*s sun, before a second 
layer is added to the first. The weather-clay is cast into 
pits, and left for some time covered with water to mellow or 
ripen. Before being used it is tempered by grinding in a 
pug-mill. If the clay be/ozi2, or contain many stones, it is 
9lung^ or cut into lengths of about two feet with a $Hng or 
wire-knife, and then further divided into slices of three- 
quarters of an inch in thickness, during which operation the 
stones fall out, or are picked out. The clay goes once more 
through the pug-mill, and is then ready for the moulder. 
For chimney-pots and such articles the clay is slung once or 
twice, and pugged or ground two or three times. 

The clay for fine pottery undergoes a number of prepara- 
tory processes. Two or more kinds of clay being put to^ 
gether in proportions according to the judgment of the man- 
ufacturer, they are thrown into a trough with water and lefl 
for some hours. They are then well worked with a long blade 
of ash furnished with a cross-handle, named a blunger^ until 
a smooth pulp is formed, a pint of which weighs 24 ounces, 
or, in the case of china clay, 26 ounces. The operation of 
Hanging^ as it is called, may be assisted by pugging the clay 
in an iron cylinder furnished with knives on the inside, and a 
moving vertical axis also containing knives, which by their 
joint action divide the clay, and by their position force it 
downward, and out through an opening at the bottom. It is 
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then removed to a vat, mixed with water, and blun>;c^ bj 
means of cross-arms aitacbed to a fierpcmlicular abaift. Is 
thia operation stony particles sink to the bottom. 

The flints having been heated in a kiln, snd plunged io 
cold water to increase their britcleness, are crushed into fra^ 
meets by means of slampera, and are next reduced to pow- 
der in Bjlijit-fan. Thia is a circular vat ten or IhpIvc feet 
in diaiueier, the bollora of which consists of maaonrj of 
quartz or ftl^par. In the center is a vertical axis, from which 
radiate fuur arms for moving ihe rvnnen : these are niaastt 
of chert, a hard siliceous atone found near Bukewell in Der- 
byshire. Ihe broken flints are thus ground with water, and 
in the course of eome hours arc reduced to powder, which 
forms with the water a creamy mixture. Felsjiar, broken 
porcelain, etc, b aometimes groimd up in the same manner 
in smnljer vata. The creamy mixture is transferred to an- 
other vat furnished wiih a vertical shaft and arms, and being 
diluted with water, the arms are set rotating, the rfTcct^ 
which is Xo keep the finer siliceous particles suspended, while 
the coarser ones sink to the bottom. The former are drawn 
off with the water, and the latter are sent back to the flmt- 
pan. The water thus drawn off is received into a reserfoir, 
in which the finer particles subside, llie creamy mixture of 
flint and water ia fit to mix with the clay when a wine pint ot 
it weighs 82 ounces. The propordons, nowever,in which the 
clay and the flint are mingled vary greatly with the kind of 
ware intended to be made, and the experience of the manu- 
facturer. 

These proportions being determined, the ingredients are 
first mingled by being agitated together, after which the mix- 
ture is passed through sieves of fine hard-spun silk, arranged 
on different levels, so as to run through comparatively coarae 
into finer sieves, and thus produce a smooth, unifoim mixture 
of »lip, as it IB called. To assist the easy passage of the mix- 
tare a jigging motion is given to the sievea. The water which 
baa thus far served as a vehicle for the ingredients, is next got 
rid of by evajwration in the Blip-kiln. This is a long brick 
trough, bested by flues underneath, and capable of raising 
the water to the boiling point. During the heating the slip 
is diligently stirred to prevent the heavier flint from subsid- 
ise, and also to prevent the flint and clay from forming a 
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kind of mortar with the water. When bubbles of steam flkse 
to form, the operation is at an end. In countries where fuel 
is not so abundant as in England, the water is got rid of by 
filtration, assisted by mechanical pressure, or bj rarefying 
the air beneath the filter by atmospheric pressure. 

When the stuff is of uniform texture and sufiBciently hard, 
it is cut up into wedges which are dashed down upon each 
other, in order to get rid of vesicles and air- bubbles, which 
might afterward form blisters in the ware. To obtain a fine 
grain the clay should be wedged at intervals during several 
months. It is stated that in China the stuff is "prepared many 
years in advance. The French missionaries were informed 
that it was customary to prepare the stuff for a hundred years 
(j)our cent annees}^ whence arose a fanciful derivaUon of the 
word porcelain. However this may be, there is no doubt 
that newly-made stuff produces bad ware, and that ageing 
greatly improves it. During the last-named process a kind 
of fermentation sets in, carbonic acid and sulphide of hydro- 
gen are liberated, and the mass improves in texture and color. 
These gases are doubtless formed at the expense of the car- 
bonaceous and organic impurities of the clay or of the water, 
whence the improvement in cobr ; while the disengagement 
of the gas accounts for the improvement in texture. The 
next process is slapping^ in which the workman takes up a 
mass of the paste and dashes it down with violence, then 
dividing the mass with a wire, he dashes the top on the lower; 
this is done many times, care being taken to preserve the 
grain — that is, to slap the layers parallel to each other, and 
not obliquely, otherwise the paste would be liable to fall apart 
iluring the firing. 

THE MANUFACTURE. 

There are three processes by which fictile articles are 
shaped — namely, throwing^ pressing^ and casting. Of these 
throwing is the most common, and by far the most ancient. 
It is performed by means of the potter's wheel or lathe, which 
is a disc of wood fastened to the top of a vertical spindle, 
and made to rotate by being connected by means of a strap 
with a multiplj^ing wheel driven by an attendant. The paste, 
as it is received from the slajjper, is of the consistence of 
dough. The thrower's attendant cuts it up \uto ^Ck\\.\a\i'^^ 
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w^ha each, according to ttie qaantk; required for the in- 
tciiifcd article, and roiU ench purtian up into a bail. Tht 
thrower, seated before hig la<he, dashes one of the balls down 
upon the rotating board, an') with the finders, which are fre- 
qiictitt; dipped in water, rat^s the lump into a conical form, 
presses duwn the mass to i^et rid of eir-bubbles, and with one 
hand, or Gnj^er and thumb, in the mass, gives sliape to the 
intended article ; ht „ 'led with a piece of hom or 

porcolniti called a rib, i..^ . if which accuratelf repre- 

aents the curve of the vessel. ih this he stnoolha the inner 
Burfuce, and gives it shaue. ng Ihis oporatiun the assist- 

ant turns the wheel ' rates of speed, so that the 

centrifugal force roa^ ntly in dinercnt conditiom 

of the growing; vessel. fer is funiishod with a rud« 

kind of fixed gauge, considu in upright stick, from which 

projects a horizontal rod at ... i height above the whiriiog 
table as to enable the thrower i.(< jiake all the articles of one 
kind verj nearly of the same size. When one article is fia- 
isheii, it is removed \>j passing a wire beneatfi il, and is scl 
aside in an airy or a warm room until sufficiently consolidated 
for the next operation, which is larning. As it would not be 
possible for the thrower to produce articles sufficiently thin, 
they are reduced in size by being put on the chuck of a lathe, 
and turned to shape by means of cutting tools, the material 
flying oif in long, broad shavings just as if it were wood. 
When it has thus been properly thinned and brought to shape, 
tho vessel is smoothed and solidified by the pressure of a broad 
tool upon its surface. Handles, spouts, etc., are formed sep- 
arately, and are attached to the articles by means of slips. 
Flowers, leaves, etc., are formed partly in moulds and partly 
by hand, and are stuck on separately. Tho article is lastly 
trimmed with a knife, and cleaned with a damp sponge, and 
is ready for the kiln. 

By the process of pressing, such articles as plates, dishes, 
saucers, ete., are formed. The exact pattern, say of a plate, 
having been determined by means of a model, a number of 
plaster cssts are taken, one of which the plate-maker places 
on a whirling table, bats out a sufficient quantity of paste by 
means of a plaster mallet, and when sufficiently extended, 
places it on the mould, much in the same way as a housewife 
would cover a pie with paste. The table is l^en set whirling, 
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and a profile or shape id earthenware being brought downltfon 
the paste, gives the required form to the bottom of the in- 
tended plate. When the plate-maker is satisfied with his 
work, the mould, with the plate in its green state, as it is 
called, upon it, is conveyed by a boy to a warm room, and he 
brings back an emptj mould, which has been drying, for an- 
other plate. In about two hours the plate is sufficiently dry 
to bo removed from the* mould, but the mould itself is left to 
dry before it is used again. One man and two boys can pro- 
duce from sixty to seventy dozen of common plates in a day 
of ten hours, the same mould being used some five or six 
times during the day. 

The above operation is called flat-ware presnng. Deej> 
Tcssels are formed by what is called hollow-ware premng or 
squeezing^ for which purpose the mould consists of several 
parts, which fit accurately together by means of projecting 
pins and cavities. The clay having been batted out, the sev- 
eral parts of the mould carefully lined with it, and the points 
of junction well worked and wetted with slip, are brought 
together and secured by a cord, when the joints are further 
well worked and pressed, thin rolls of clay being some- 
times inserted, and the whole worked and smoothed with 
moist leather and a cow*s lip. The interior is then washed 
with a S[)onge, set aside for a time, and when somewhat so- 
lidified, is worked or polished with a flexible plate of horn ; 
it is next put into a warm room, and when the plaster has ab- 
sorbed sufficient moisture, the article is removed from the 
mould and fettled or trimmed with proper tools to get rid of 
seam marks. The outside is also cleaned with a moist sponge, 
and the handles, etc., having been added, and the horn again 
used, it is set aside for baking. For elaborate works, mod- 
els are formed by experienced artists in clay, and the moulds 
for the separate parts may be numerous. Works of a com- 
paratively simple character are formed by the united agency 
of throwing and moulding. 

By the third process, called casting^ such delicate articles 
as egg-shell china are formed. The paste having been re- 
duced to a creamy state, is poured into a plaster-mould, 
which, absorbing water from that portion of the paste which 
comes in contact with it, fixes it, so as to allow the remaining 
fluid portion to be poured ofi*. A very thin coating of paste 
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19 tlvs left attached to the moulil ; when this is sufficieatlj Aij, 
the tonuKi U Qj^ain Glled for a short time with the cre*ia| 
mixture, when a second thin deposit is furmed upon the 6r»t. 
The mould having been dried iti a wariu room, the cast it 
taken out, examined, and touched ujion bj the modeler. 
Busts and statuettes arc also formed in this viny ; but as the; 
shrink as much as one-fourth during thu firing, cousiderkbW 
dexterity U rei^uired to preserve their ehajie. The Itee 
which is soraetiuies seen gd these Ggureii u rou! lace, dipped 
into slip, when t!ie heat of the kiln destro^'s the thread, and 
solidifies the paste, which takes lU place. 

Encaustic tiles are made hy what may bo called a fourth 
process, namely, veneering. They conaist of a body of red 
clay, faced with a finer clay for the pattern, and strengthened 
at the bottom with another clay, the junction of these layers 
apparently preventing warping. After the usual preparalory 
processes, the red clay is slapped into the form of a quad' 
rangular block, from which the tile-maker cuts olf a slab wtth 
a wire, and upon this tlio facing of finer clay, colored to the 
required tint, is bailed uut ami 6liip|icd duuii. The buttow 
facing is added in a similar manner. The tile is then put 
into a box-presa, when a plaster of Faria slab, with the pat- 
tern in relief, is brought down on the face of the tile, and 
impresaee in the soft tinted clay tho design, the hollow be- 
ing afterward filled up with clay of another color. At the 
same time, the maker's name is stamped at the back, together 
with a few holes to make the mortar adhere. The colored 
clay, in a creamy state, is next poured over the face of the 
tile, so as completely to conceal it, and when, in the coarse 
of twenty- four hours, this colored slip has become hud, 
the superfluous clay is scraped away, the colored clay be- 
ing left only in the hollows formed hy the pattern-mould. 
The tile having been finished off with a knife, and defects 
corrected, is kept during a week in a warm room, called the 
green-houie, and the drying ia finished in a wanner room, 
called the hot-houie, preparatory to firing. 

The various articles of pottery, stone-ware, or pcreelain 
having, by one or other of the processes named, been perfect- 
ed as to form, and handles and other appendages, and solid 
ornaments added, are now in what is called the gretn state. 
The next process is to fix them, and deprive them of their 
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plastic nature by the action of heat. The potter^ $ kilitMtfk' 
aisle of a massive domed cylinder of brick-work, bound with 
iron, and protected from the weather by an outer conical hood 
or casing. The dome contains openings for the exit of the 
smoke, which escapes into the air through a chimney in the 
hood. Heat is supplied by means of six or eight fireplaces 
fixed round the cylinder, with proper circulating flues and 
dampers for regulating the draught. During the firing, the 
ware (unless of the commonest kind) is not exposed to the 
direct action of the fire, but is carefully packed in strong ves- 
sels, shaped very much like band-boxes; they are made of 
Staffordshire marl, and are called seggarB. The pieces must 
be packed in the seggars in such 9k way as to economize space, 
and yet give them the full benefit of the heat ; at the same 
time, they must be arranged according to their size and solid- 
ity, so that small and delicate articles may not vitrify under 
too strong a heat, and large ones have heat enough. Some 
articles admit of being placed in contact, so as to support 
each other and prevent distortion. When the pieces are large 
or complicated in shape, they may require special supports to 
prevent warpiog ; these supports are of fire-clay, and nicely 
fit the parts supported. Articles in porcelain are sometimes 
separated during the firing by means of sand or powdered 
flint; but the contrivances of this kind are numerous. When 
the seggars are filled, they are conveyed to the furnace, and 
piled up so that the flat bottom of one seggar may form a 
cover to the open mouth of the seggar immediately beneath 
it, the surfaces being separated by a ring of soft clay, which 
forms a tight joint. As many as 30,000 pieces of ware may 
be included in one baking. When the seggars are properly 
arranged in piles, or bung$j as they are called, and steadied 
by means of short struts, the door of the kiln is closed with 
brick-work, the fires are lighted usually in the evening, and 
are urged during the whole of the night, so that flame may 
be seen issuing from the chimney. Early in the morning the 
man draws his first watch. Watches or trial-pieces are small 
rings of fire-clay, which vary in color with the temperature ; 
a number of these are placed within the kiln in such positions 
that the man can withdraw them at pleasure by inserting a 
long iron rod through holes in the side of the kiln. The 
heat is regulated according to the aspect of these watches, and 
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when, after thirty or forlj hours, the firing appcara to haw 
been Batisfaciorv, no more fuel ia added, the fires are left to 
go out, and the kiln gradual!}' coola during the next tweutv or 
thirty hours. As much as fourteen tons of coal may be con- 
Bumed in one firing. There can be no doubt that a verj 
large proportion of this fuel is wasterully expended : our pres- 
ent abundant native store of coal leads to much extravagance 
in our various faciories ; and it has been suggested b^ M. Ar- 
Daux, a competent Gutbority, to fire the uare by nirans of 
gas, nhicb, he thinks, can be done with an ease and precision 
unattainable by the present system, 

When the ware is removed from the kiln, its characters are 
found to have undergone a remarkable change. lii)^t<'ad of a 
Boft, dull, friable or plastic materini, we have a hard, brittle, 
resonant, li^ht-colored, porous body. In this state it is call- 
ed hUcuit, from its resemblance to well-baked Mp bread. 
Wine-coolers and eimiiar porous articles, when brought to 
this state, are finished ; but most articles, especially of earth- 
enware, must b(! covcrtd with griQie kirid of vilreoua j^laze, 
to remove their porosity and liability to tamieh, and to ren- 
der them fit for use. If colored ornaments have to be added, 
those are first put upon the biscuit, and the glaze, in the form 
of a white powder, is then made to cover the whole article, 
vchich, being passed a second time through the fire, the pow- 
der melts iuto a glass, w hich forms the ordinary surface of com- 
mon wares, 'ihe firing is a coatly process, from the great 
expenditure of time and fuel, and this second firing still hr- 
ther increases the cost of the ware. It thus became a great 
improvement when Wedgwood was able so to compouna tlie 
ingredients of his ware that partial vitrificadon took place at 
the first firing, thereby depriving the ware of its porous char- 
acter, and rendering a second firing unnecessary. So also, 
in the commonest kind of stone-ware, such as is made at the 
liambeth potteries, the glazing is, by an ingenious device, 
efiected simultaneously with the baking. When the ware has 
attained a very high temperature in the kiln, a quantity of 
moist salt (chloride of eodiunl) ia thrown in ; the salt is vol- 
atilized and decomposed in the presence of moisture, and by 
contact with the heated surfaces of the clay, hydrochloric acid 
ia disengaged, and the ware becomes covered witb silicate 
of soda, which, combining with the silicate of alumina of the 
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vare forms a fosible doable alkaline mltcate or glase o#lii6 
surface. 

The object of the glaze being to render the article inper* 
meable by water, attempts have been made to accomplish 
that end in Tarions ways. Certain mde nations render thehr 
wares impermeable by rubbing them while hot with tallow, 
which, becoming partially decomposed, fills np the pores, and 
imparts a black color. Even the vases of the artistic Etrus- 
cans and Greeks have not a vitreous but a carbonaceous glaie, 
which wears off in the handling. The wine and oil jars of 
Spain and Italy are made water-tight by the ancient method 
of rubbing them over with wax. The most common descrip- 
tion of glaze is, as its name glaze or gla%9 implies, vitreous. 
It is of two kinds, trantparent and opaque. When the ware 
is of gocd color, and the ornaments are impressed upon it, 
the glaze may be transparent ; but where the clay, otherwise 
good in quality, is bad in color, an opaque glaze, or enamelj 
as it is then called, is used. In some cases, articles made of 
a good clay, of a bad color, may, before firing, be dipped into 
a slip of white clay, and being thus veneered, admit of taking 
» transparent glaze. Glazes colored by means of a metallic 
oxide are also sometimes used. The glaze should not have 
too strong an affinity for the paste, or during the second fir- 
ing it may be absorbed into the ware instead of remaining 
at the surface, to which it should adhere firmly, and expana 
and contract equally with the ware, so as not to be liable to 
craze or crack. Numerous substances are employed in the 
composition of glaze. For very hard ware, in which the 
point of fusion is high, the felspars and certain volcanic scoriae 
are used ; in other cases, common salt, potash, boracic acid, 
phosphate of lime, and sulphate of baryta, are the ingredients. 
Another class of glazes contains earthy and metallic substan- 
ces, mixed or fritted into a glass ; such are silica and lead, 
or enamels of silica, tin, and lead. Some glazes contain me- 
tallic oxides, such as those of manganese,. lead, and copper. 
Metallic and earthy substances, if not previously fritted, form 
a glaze with the silica of the paste in the gloss oven. Such 
glazes, however, are commonly soft, and liable to be acted on 
by acid and fatty substances ; so that lead glazes should be 
avoided for articles intended to receive food. In such cases, 
borax may be advantageously substituted for lead. A pure 
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>asl e ia improved by a transparent g1ase, but if of bad 
— .ur, it oiay be dipped into opaque glazes even before tlie 
t firing. Olflses are made opaque hj means of oxide of 
; color is given b? the oxides of manganese, copper, and 
I ; while, hy introducing these, together with the oxidea of 
■alt and of chromiam, into opaque and transparent gUxea, an 
lie varietj i« nmHnctiH. Pegmatite forms a good glaie 
I porcelain n- ••■' )rcelain a gliss is fritted and 

I M'itb oxide oi le: r i earthj substances. 
^D applying the glazo lu ch scuit, it is reduced to a fine 
vder,and mised with watfi.. When tbo biscuit is plunged 
^n this mixture, the p erial immodiatel; absorbs a 

■ntity of the water, i the powder equally distrib- 

1 over its surface. -tides are glazed and fired 

>ne operation, the warn n: green state bnot absorbent, 
HO chat the glazing has to ba y t on with a brush. For ar- 
ticles which are glazed on the inside only, such as pipkins, 
the glaze is made creamy with water, and poured into the 
reseel and then out again, a aufiicient quantity adhering to the 
surface by this means. Custom requires that jars shall have 
a nortioD of their inrface of a deeper brown than th« natonl 
oolor of the material ; they are therefore dipped to a certiio 
height in a mixture of re J ocher and olay slip. The gla>- 
iag is completed during the firing by means of commoa Bslt, 
u already noticed. 

The pieces haviDg been eovered with white powder, are 
arranged in seggara to protect them from the direct aotion of 
tb« fire in the glon oven. Thej are separated from at^ 
other by means of supports, which present the smallest poa- 
ttble surface of contact. These supports, known as eodupim, 
tnangla, »tiU», etc., hare points projecting from them above 
and below, which serve to separate, while they mipport, the 
articles as they are piled up in the seggars. The aoggan 
are |Mled ap in the gisie-kiln in the same manner as in the 
binait-kiln, and the temperature is raised to a point saffieient 
te fuse the glaie into a transparent glass, andto unite it per- 
feotly with the aarfaoes of the ware. To enable the worknea 
to detemioe when the proper temperature has been reaobcd, 
vatohes, or rings of clay, covered with glaie, are plaeed ia 
file oven, and drawa out &om time to time. 
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THB ORNAMENTATIOX. 

The bve of ornament, which fionns part of that higher 
aense of beautj common to oar natare requirea the additioa 
of aome kind of adornment to articles in common use. The 
rude pottery of savage nations is relieved in this waj, and 
often with considerable taste. It maj admit of question 
whether our own taste is equally correct in the elaborate deo- 
orations which we bestow upon articles intended for every-day 
use. Plates of Sdvres porcelain, richly decorated with lanor- 
acapes, or portraits of distinguished individuals, may have a 
high artistic value, but are certainly not adapted to be placed 
before the company at a dinner-table. A aessert or dinner- 
plate is not in itself remarkable for beauty of form ; but its 
efbct is absolutely hideous when it is made to take a promi- 
nent part in decoration. In the palace at Fontainebleau we 
were introduced to a room, the walls of which were decora- 
ted with plates of Sdvres china, arranged in horizontal lines. 
In such an example, the costliness of the material and the 
skill of the artists were rendered simply rediculous. So also 
the rich blue and gold of a tea-service have too heavy an 
eftet, when the feeling of grace and lightness ought to be 
ins{Ared. The leading idea in ceramic ware should be that of 
purity. The white color would sufficiently suggest this if it 
were not concealed by ornament, just as that pure material 
glass, when not spoilt by the glass-cutter, revesls the unsulli* 
ed transparency of the water or of the wine contuned in it 
The artist may exercise his taste in producing beauty of form, 
but the ornamentation of that form should be of the simplest 
character, only just calculated to relieve the beauty of the 
material. Our limited space will not allow us to enlarge on 
tins subject, so that we at once proceed to a brief notice of 
the mechanical and chemical means by which ornaments are 
applied to pottery and porcelain. 

When common ware is to be ornamented with a pattern, 
it is put on before the glazing. The blue pattern of an ordi- 
nary plate is printed on the biscuit with an ink composed of 
boiled linseod-oil, resin, tar, and oil of amber, colored by 
means of a mixture of oxide of cobalt, ground flint, and sul- 
phate of baryta (fritted and ground), and blended with a 
flux of ground flint and thick glass powder, which serves to 
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fix the color. The Ink 13 mnAo fluid by spreading it oc a hot 
iron plate. It ia taken up by means of a leathern dubber, 
and transferred to engraved copperplates, also heated, and 
the Buperfluous color is ecraped off with a psllet-koife, and 
the Eurfuce of the plate is cleaned with a dossii. A sheet of 
yellow unaiBed paper is next dipped into sospy water, and 
placed on the copperplate, which is thus passed through a 
cylinder press. The pattern is thus transferred to the paper, 
which is taken by a girl called the eutler, who cuts away the 
unprinted portions, and leaves the pattern in separate parts. 
These are taken by a woman called the trcm»/errer, who 
places each portion with ita printed side next the biscuit, and 
rubs it with aflannelrubber, until the ink is properly absorbed. 
The pattern-papers are subsetiuenily removed by placing the 
biscuit in water, and gently washing it with a brush. The 
biscuit is next dried in an oven, and is then ready for glazing; 
tho heat of the gloss oven vitrifies the ^laze, and allows the 
pattern to be seen through it. Instead of paper, a flexible 
sheet of gtue, called a pap-r or hat, is in some cases used for 
transferring the design. The impression is taken in oil from 
the engraved plate, and after it has been transferred to the 
biscuit, the required color is dusted over it in a dry state. 
The sheet of glue can be cleaned with a sponge, and can be 
used over and over again. 

When the pattern is required to produce high artiatie ef- 
fects of form and color, the work is performed by hand with 
a camel-hair pencil. The colors consist of metallic oxides 
ground up with such vitrifiable substances as glass, niter, and 
borax, oil of turpentine or of lavender being the usual Tshi- 
ele. The greatest difficulty which the artist haa to contend 
with arises t'rom the fact, that the colors are for the most part 
dingy and unpleasing, and give no idea to an inexperienced 
«ye of the intended effect.* It is not until the heat of the 
furnace has driven off the oil, and chemically combined the 

* Attpmpta hHTe been made to construct k pkllet of eaamel oolormwbick 
do not ebaoKe color !□ the SrinKi but only cbiuige from ft dullneH to t 
CKamlneH of triture. A case of this kind is mfnlioned bj Bronginlvt, 
but Ihe •aecesa attaioed by tbi^ inventor, H. Difal, wu only putial ; tiocc 
tbe rone (lot*, purple, and violet, produoid by tl^ pr.-cipitate of caaiiu^ 
wbicb cannot be jn^veoted from cban)(iag under the action of best, were 
<nii>ll«d. Beddci this, tbe aclioo of the turfkce. and tbe diffureDt klad o( 
gUM« apoa Ibe colon w«re not taken Into account 
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ingredients of tbe colors, that the effect can be jadged ct 
The artist has thus to work, as it were, in the dark : he il 
not cheered with the idea of progress, as in the ordinary ciOf 
punting, where the work seems to grow into life, and to da^ 
velop new details of beauty at ever? touch. Even after the 
first firing, it by no means follows that success has been at* 
tained. The work may have to be retouched, and again 
passed through the fire, or it may be injured by one or other 
of the numerous accidents to which a work is liable which 
has to pass through the fire. 

The colors used are formed by the comUnation of certain 
metallic oxides and salts with certain fluxes, by means of 
heat, which enables them to fuse into colored glasses. The 
oxides are' usually those of chromium, of iron, of uranium, of 
manganese, of zinc, of cobalt, of antimony, of copper, of tin, 
and of iridium. The salts and other bodies used for impart- 
ing color are the chromates of iron, of baryta, and of lead, 
the chloride of silver, the purple precipitate of cassius, burnt 
umber and burnt sienna, red and yellow ochers, etc. Some 
of these develop their colors under the influence of the high- 
est temperature of the porcelain furnace, and are hence called 
by the French chemists couleur% de ffrandfeu ; others, and 
by far the larger number, are termed mvffle-^ohrB^ inasmuch 
as they become developed under the more moderate heat of 
the muffle, which is a kind of seggar, in which the painted 
ware is ioclosed, to protect it from the fuel. The first class 
of colors is limited to the blue produced by oxide of cobalt, 
th^ green of oxide of chromium, the brown produced by iron, 
manganese, and chromate of iron, the yellows from oxide of 
titanium, and tbe uranium blacks. Those colors form the 
grounds of bard porcelain, and as the heat employed in firing 
it is capable of fusing felspar, that substance is used as the 
flux. For an indigo blue, four parts oxide of cobalt and seven 
parts felspar, or for a pale blue, one part oxide of cobalt and 
thirty parts felspar, are well pounded, mixed by repeated 
siftitigs, and vitrified in a crucible in the porcelain furnace. 
The resulting glass is reduced to powder, ground up with a 
volatile oil, and applied to the surface of the biscuit, which, 
being again raised to the high temperature of the porcelain 
furnace, the color fuses, and becomes incorporated with the 
substance of the ware. The high temperature re<\uired fot 
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cobalt has, howerer, this inconvenience, that a portion of il 
becomes volatile, bo as to alfi.-ct objects placed neur it. In 
this nray a white vase in the same furnace may dcrire a bine 
tint from the vapor of the cobalt. This color is also uncer- 
tain in its results: it aomclimes leaves white oncolored 
patches, or furms a dull granular surface. Oxiile of chrominiD 
may bo employed without a flux to give a green color to bui 
porcelain ; but as it does not, nnder such circumstances, pen- 
etrate the ware, it ia liable to scale oif. A bluish-green i; 
produced fi-om three parts oxide of cobalt, one part oxide of 
ehromiuin, and one-tenth of felspar, without fritting. Hii- 
tures of the oxides of iron, manganese, and cobalt, produce 
a fine black, and hy omitting the cobalt, variuua shades of 
brown. 

The muffle colors are too numerous to be stated here ; 
they ar^ fired at a temperature equal to about the fusing 
point of silver. Many of them would become more brilliant 
and solid under a greater lieat, but this would be injurions to 
those colors which are oblained from the purple precipitate of 
cassius,* on which the artist relies for some of his Hnest ef- 
fects, such as fine purple, riolet, and carmtQc tints. 

In preparing metallic oxides and their flusea Boood obeiBi- 
eal knowledge is required, otherwise the results cannot bed^ 
pended on. The chemist relies on the stability of natattf 
as revealed to him by his science : he reduces his mateiiilB 
to a state of chemical purity, and compounds them accwding 
to the lav of definite proportions. In order, for example, 
that the yellow color imparted by chromate of lead shall jw 
identical at all times, the compound must obviously consist of 
nothing but equal equivalents of oxide of lead and chromic 
acid. In such ease, if the pigment be applied at difierent 
times under the same circumstances, it will produce precisely 
rimilar results ; but if either <^ the proximate elements of the 
■alt be impure, no reliance can be placed on the compound. 
Diflferent specimens will produce diferent results, althoi^ 
the same mode of applying them be always observed. In 
some eases, however, not even the chemical purity of the in- 
gredients will insure harmonious results. The physical cob- 
cition of one of the ingredients may be of importance, as ia 
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tbe eaae of oiide of nne, an logredieDt in •ome of the en- 
amel greens, yellows, yellow-browns, and blues. If the ox- 
ide be latnpy, granular, dense, and friaUe, it will produce a 
dull pigment, slthoogh chemically pure, while a light floocu* 
knt impalpable oxide, chemically identical with £e former, 
will give satisfactory results. It is farther necessary that so- 
Itttious of a metal be made at the same temperature, that the 
aoids which dissolve it be of the same strength, that the pre- 
eipitale be neither more nor less ra^nd on one occasion than 
on another. Such conditions as these require to be carefully 
studied and noted, as, indeed, hss been done in the labora- 
tory at Sdvres, where minute records are kepi of the j»o- 
oesses required for compounding the colors. 

But even when such conditions as the above are known and 
observed, there are others so slight as scarcely to be appre- 
ciable, but which, nevertheless, have an bfluence on the color. 
With certain delicate pigments, the poiphyrisation or grinding 
with water or <nl a little more or less, the difference of touch 
of different artists in laying on the same pigment, will pro- 
dace differences in tone, although all the other conditions be 
strictly observed. 

Dumss defines the process of painting on hard porcelain 
to be the art of soldering by heat to a layer of the glaze a 
layer of fusible color, the dilatation of which shall be the 
same as that of the glase and the body of the ware. The 
function of the flux is to envelop the color and attach it to 
the glase. In most cases it has no action on the color, but 
ia simply mechanically mixed with it: the flux, however, must 
mix with the glase. That muffle colors do not penetrate the 
porcelain, may be proved by boiling in nitric acid a piece of 
painted ware after it has been fired, when the colors will dia- 
appear. As the flux is only a mechanical vehicle for the 
color, it must vary with the color; but the necessity for mix- 
ing or blending colors greatly limits the range of fluxes. A 
common flux is the silicate of lead, or a mixture of this with 
borax. Now the borax cannot be replaced by the fixed al- 
kalies, on account of the readiness with which soda or potash 
becomes displaced in order to form other compounds. They 
have also a tendency to make the colors scale off. The mode 
of using the fluxes varies with the color: in some cases it 
may be ground up in proper proportions with the color ; in 
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others it roust bs previously fritted with the color. The firat 
node is adopted when the coloring OKido is resdilj' altered bjr 
heat; but when the oxide requires a high temperature to 
bring out its characteristic color, the second method is adofited. 

Not tho least among the difEciilties of enamel-paiuling it 
the high temperiiture reijnired for tho vitrificatirin of tb« 
colors. The lowest heat of the muffle is about 1 100° Fahrer- 
heit; while some osides do not develop their color bclov 
1850'. In ihe regulation of the furnace, the most sticcessfu. 
method is to begin with a low heat, and urge it rapidly up to 
its raaxioium, and as rapidly to lower the heat. A modurst^ 
heat, long continued, may produce devitriS cation — thai is, the 
elements of the Bux maj separate, and combine again in a 
diStrent manner, so as to produce an opaque substanco known 
n Jteanmiir't porcelain. There is danger in tho opposite 
extreme ; for if the temperature be carried too high, some of 
the more delicate tints, such as the roses and the grays, be- 
come faint or vanish altogether, \s-hile the hardier greens, 
blues, and blacks remain. On the other hand, if the maxi- 
Baum temperature be not quite reached, the colors do not pro- 
Bent that peculiar crearoiness and glossiness which is charac- 
teristic of the art. The temperature is regulated by means 
of watches, consisting of small slabs of porcelaio smeared 
with some trial color, usually the carmine produced by the 
purple precipitate of casaius. Tbia forms a useful exponent 
of all the other pigments: it varies greatly in tint according 
to the temperature; so that, by arranging a scale of temper- 
atures corresponding with a scale of tints, a tolerably accu- 
rate thermoscope may be formed. Brougmart invented a 
pyrometer for estimating the temperature of the interior of 
the muffle ; its action depends on the expansion of a bar of 
fine silver, nearly eight inches long, introduced into the muffle, 
and connected with a graduated scale on the outside. 

The kind of fuel used for heating the muffle has an influence 
on the colors ; for although the muffle may consist of an iron 
box heated only on the outside, it is almost impoasible to 
prevent some of the products of combustion from entsring 
It. The smoke of ordinary coal is especially injurious to the 
colors, from tho presence of sulphurous acid, which is also 
given off from eoke. Wood has its pyroligneoua. acids, and 
ereo charcoal j^ves off carbouio acid. The preamce of u 
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18 80 injorioiis in the tntiffle, that the reds produced from 
green ?itrioly before being used, most be thoroughly washed, 
to get rid of the last traces of acid. It is also stated that % 
muffle in which cuperose has been calcined, cannot be used 
for the firing of colors. 

There is also a difficulty connected with the use of oxide 
of lead, which is required in the preparation of certun 
colors, but is injurious to the development of some others. 
Again, the fixeid alkalies used in the composition of the glaze 
may react on the coloring oxides, especially at the maximum 
temperature. In this waj, the oxide of chrome will produce 
yellow instead of green. The oxide of lead, the potash, and 
the soda, may not only act injuriously by contact, but by be* 
coming volatilized, they may injure every color in the muffle. 
Moreover, the oxide of tin, used in certain glazes, may im- 
part its own opacity to the colors. It is also a curious fact, 
that different kinds of kaolin are not all equally favorable to 
the development of the- colors put upon the ware ; and we are 
informed, that the kaolin of Ebreuil will not allow of the 
development of any color derived from gold. 

The metals used for imparting color, hitherto referred to, 
have been in the form of oxides, etc., and used with a flux. 
The gold used in gilding porcelain is first dissolved in aqua 
regia; the acid is driven off by heat, when the gold remains 
in a state of minute division. It may also be precipitated 
by means of sulphate of iron. In this minutely divided state 
it is mixed with one-twelfth of its weight of oxide of bis- 
muth, together with a small quantity of borax and gum-water, 
and applied to the ware by means of a hair pencil. If the 
article is to have only a circular line of gold, it is placed upon 
a small table or whirler, and the artist, steadying his hand on 
a rest, applies the pencil to the article, while with the other 
hand he causes the table to revolve. The gold ornaments 
come out of the fire with a wretched dingy hue ; but the 
luster of the gold is brought out by burnishing with agate 
and blood-stone, and the gilding is cleaned with vinegar or 
white-lead. 

Other metals which, like gold, do not become readily ox- 
idized, are applied to stone-ware, and form what are called 
mttallie lusters. The silver-white hue known as stiver luster 
is obtained from platinum by dissolving the metal in aqua 
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rtgia, and pouring the Batnrated solution into boiling water. 
This is poured into a warm solution of sal ammoniac, nhen 
the metal forms a yellow precipitate, which, after having 
bf en washed and dried, is applied to the ware bj means of t 
flat brush, and the article is then passed through the muffle- 
kiln. A sufficient body of luster ma? be obtained by repeating 
the operation ; and should tho articles come out of the muffle 
black, friction with cotton will give tho required luster. A 
platinum luster resembling that of polished steel is obtained 
by dropping a solution of equal parts of tar and salphur tn 
hot tinseed-oil, known as tpirit cf tar, into the acid solution 
of platinum. The mixture is spread over the ware, and passed 
through the mufile as before. Gold lutter is obtained by 
preeipiCating a solution of gold in aqua rfgia by means of 
ammonia : it has fulminating properties, and must therefore 
be mixed with the essential oil of turpentine while moist, and 
in this state applied to tho ware. Af.er the firing, the luster 
will be brought out by friction with linen. The latlre. can- 
tharide of the French, which is remarkable for its iridescence, 
is obtained from chloride of silrer, partly decomposed by 
means of combustible vapon. For this purpose a mixtare of 
a lead glass, oxide of bismuth, and chloride of silver, is ap- 
plied to the ware. This is then raised to a red heat in the 
muflle, when a fuliginous smoke is introduced, which effects 
the partial decomposition required. An irvn hater a ob> 
tained by mixing a solution of iron or steel in hydrochloric 
acid with spirit of tar, and applying it to the ware. Silver 
and platinum lusters are usually lud upon a white ground ; 



gold and copper lusters have the best effeot on colored grounds. 
The paste body for lustrous ware is usually made for the par- 
pose, of four parts clay, four of flint, four of kaolin, and six 



of felspar. Its color is brown, but it is coated wi^ a lead 
glass composed of nzty parts litharge, thirty-six of felspar, 
and fiflem of flint. 
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Thb general term glass is employed bj chemists to denote 
all mineral substances which, on the application of heat, pass 
through a state of fusion into hard and brittle masses, and 
which, though not always transparent, exhibit a lustrous 
fracture when broken. The glass of commerce, however, to 
which our remarks are restricted, or the transparent and ar- 
tificial substance which is usually distinguished by the gen- 
eric name, is produced by the igneous fusion of siliceous 
earth with certain alkaline earths or salts, or with metallic 
oxides. 

The etymology of the word has been much disputed. It 
is derived by some from the Latin glacieSy ice, its resem- 
blance to which is thought to have suggested the title. Oth- 
ers have remarked, that the common Latin designation of 
this substance is vitrum; and as the Romans applied this 
term, in common with the word glastuniy to the plant which 
we call woad, they have deduced it from the latter of these, 
either because the ashes of this plant were used in the man- 
ufacture of glass, or because it exhibited something of the 
bluish color which is procured from woad. Olaasunij the 
name given to amber by the ancient Gauls and Britons, has 
also been assigned as the origin of the word. But none of 
these etymons appear very satisfactory. The most plausible 
theory is that which derives the term from the Saxon verb 
glis-nian^ or the German gleissen, splenderej "which are prob- 
ably contractions of the Anglo-Saxon ge-lixan^ to shine, to 
be bright. This view is in a great degree confirmed by the 
sense in which the term glass and its derivatives are employ- 
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by c older writers, who froqiicntl/ apply it to shining 
«. j^littenng substances, without reference to color or tmoi- 
parency. 

In the tDoat remote agea the art of blowing glass into, bot- 
tles, making it into va^es, coloriDg it to imitate preciotu 
stones, melting it in enormous mosaes to make pillars, rollio; 
and polishing it into mirrors, end tinting it in parts, wer« aU 
perfectly well known. gin we must look to KgypI, 

the parent of so a irta. The story of the Is- 

raelites having set . and Ehe heut becoming m 

intense that it made the niicr sand melt and Sow along 

the mountain side, and that ' afterward did artiBcially 
what had been the result ndent, may be set down a« 

equally fabulous with the e f the pirates, who arc said 

to have landed on the sea-1 ind wishing to make their 

9 cauldron boil, piled np some dus stones and placed diem 

on a quantity of sea-weed aim ilocks of wood, caumng we 
strong a heat that the stones weri softened and ran down on 
the sand, which melting and mixing with the alkali bccarae 
a diaphanous and glassy mass. The fictitious charanter or 
both these stories is proved by the nmple fact that it requim 
the most intense furnace beat to ioBure the combination of 
the sand with the niter. 

Under these circumataaces w« are justified in belisnng 
that glass-making had its origin at the same time widi tb« 
baking of bricks and pottery. The smelting of ores, too, 
required a furnace sufficienUy intense to fuse the nlieatM 
•nalogous to glass, and hence it may be safely inferred, that 
in the age when melting and working metal was known the 
»rt of making glass was also practiced. In the book of Job 
the most precious things are compared to wisdom, but itiU 
more precious are gold and glass. The Hebrews must hvre 
become acquainted with glass while in Egypt, and in conse- 
quence of their proximity to the Fhoeniciana ; and it is now 
generally believed that these two nations bad the merit of 
originating and establishing its manubcture. The Atheniaa 
embassadors, in order to ^ve an idea of the magmficenee 
displayed at the court of the great King of Persia, said that 
they drank in cups of glass and gold. Some writers affirm 
^at the Egyptians in some instances sealed up their dead in 
a coating of glaaa, and glass-hoDna are said not to havt bMo 
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a in that wonderful country. Some authors ascribe, 
with very plausible reason, the discovery of ^loss-making to 
the prieats of Vutcan at Thebes and Memphis, the greatest 
chemists in the ancient norld. The Egvptians are also 
known to have made enamels of divers colors which they ap- 
plied on pottery, magnificent specimens of which are atill ex- 
tant, and are called E>.'yptian porcelain. These are chiefly 
covered with beautiful blue or green, and groups of flowers 
or designs are traced in black. Glass beads and other orna- 
ments made of that substance, skillfully manufactured and 
beautifully colored, have been found adorning mummios, 
which are known to be upward of three thousand years old. 
It is certain that Tyre, Sidon, and Alexandria, were long 
celebrated for their glass, and furnished the greater propor- 
tion of that used at Kome. Under the RiToan Empire the 
Egyptians still preserved their superiority in the art of glass- 
making, and it is said that Aurelian caused them to pay 
their tribute in that manufacture. Adrian mentions that he 
had received drinkiiig-glasses of various colors from a priest 
of a famous temple in Egypt, and gives instructions that 
they are not to be used but on the greatest occasions, and on 
the most solemn feast days. To these places the art was 
exclusively conBned for some centuries, and was an article 
of luxury, being chiefly in the form of urns or drinking-cups 
of the most elaborate workmanship, and exquisitely embel- 
lished with raised, chased, or ornamented figures. The Bar- 
berini or Portland Vase, composed of deep blue glass, with 
figures of a delicate white opaque substance raised in relief, 
is a splendid specimen, and was found in the tomb of Alex- 
ander Severus, who died a.d. 285. 

The art of glass- making seems to have been introduced 
into Italy by the Romans after their conquests in Asia in the 
time of Cicero, and the first glass works there were said to 
have been near the Flamlnian Circus. It is highly probable 
that these workmen were imported from Egypt, The use of 
glass seems rapidly to have increased, and to have become 
very common, for we find an emperor in the third century of 
tho Christian era saying, that he was disgusted with so low 
and vulgar an object as glass, and that he wtuld only drink 
from vessels of gold. By this time the manuf;icture of glass 
was BO considerable that an impost was laid on it, and it was 
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nsivel' employed in the decorations of buildings, wbile b 
.3 most S3 were combined the most brilliant colore. 

i^Tom the circumstance of colored glass beads and arouleU 
having been found among Druidical remains in England, it 
has been argued hy Pennant and others, that the art of 
malving glass was known in Britain before its invasion b; thi 
Romans. It cnn hardly, however, bo believed that a f>eopla 
who had made very I ces in civilization, and who, 

it is known, were em ■■.» lainted with any other art, 
should bo found not i »■ int with the manufacture of 

glass, a com[jlic3ted i genious process, but should 

excel in it ; for the bei . lulets spoken of are of «- 
quisiic woikmanship, ano ully colored in imitation of 

the rarest and most pr ;ones. There seems little 

doubt, therefore, that thu a..i..^^> Britons procured these id 
the course of traffic with the Syi ians, who visited the islaod, 
B3 ne do those id the South Seos, to diivea trade with tbeir 
savage inhabitants in tojs and trinkets, giving them these in 
exchange for skins or other natural productions. By what- 
ever means, however, these ornaments came into Britain, it 
is certain that tliey were in extensive use. though principally 
for religious purposes, long prior to the Roman inTioioit, u 
they are found iu barrows or tumuli of a much older dkte. 
One at Stonehenge, in particular, on being opened, was found 
to be filled with them. 

Glain Neidjr, or Druidical glass rings, generally oboat half 
as wide as our finger rings, but much thicker, have frequently 
been found. The vulgar superstition regarding these wu, 
that they were produced by snakes joining their heads to- 
gether and hissing, when a kind of bubble like a ring wai 
formed round the head of them, which the others, conUnn- 
ing to hiss, blew on till it came off at the tail, when U imme- 
diately hardened into a glass ring. Success was thought lo 
attend any one who was fortunate enough to find one of thoM 
anake-stonep. They were evidently beads of glass employed 
by the Druids, under the name of charms, to deceive the vul- 
gar. They are asusUy of a green color, but some of tbem 
are blue, and others variegated with wavy streaks of blue, 
red, and white. 

Glass utensils have been found in Hercnlanenm, which city 
was destroyed by an eruption of Mount Veauviua in the reign 
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of Titus (a.d. 79). A plate of glass also found tfiere has oc- 
casioned much speculation as to its uses. Similar plates, to 
which Pliny gives tho name of vitrece camerce^ seem to have 
been employed, in a manner not very well understood by us, 
as paneling for their rooms. It is disputed whether or not 
glass was used in Ilerculaneum for windows. 

Dion Gassius and Petronius Arbiter concur in their account 
of the discovery of malleable or ductile glass by a celebrated 
Roman architect, whose success in the restoration to its posi* 
tion of a portico which leaned to one side had roused the envy 
and jealousy of Tiberius, and occasioned his banishment frum 
Rome. Thinking that his discovery would disarm the em- 
peror^s wrath, the artist appeared before him bearing a glass 
vessel, which he dashed U(K)n the ground. Notwith^standing 
the violence of the blow, it was merely dimpled as if it had 
been brass. Taking a hammer from his breast, he then beat 
it out into its original shape ; but instead of giving him the 
reward which he had expected, the emperor ordered the un- 
fortunate artisan to be beheaded, remarking,;, that if his dis- 
covery were known, gold would soon be held of as little value 
as common clay. This is probably another version of the story 
told by Pliny, of an artificer who made the same discovery, 
and whose workshop was demolished by those who had an in- 
terest in preventing the introduction of an article which would 
lower the value of gold, silver, and brass. Although it might 
not be justifiable to give unqualified disbelief to these stories, 
yet the knowledge we at present possess would restrict the 
possibility of such a discovery within the narrowest limits. 
The union of the properties of malleability and vitrification 
seems to be incompatible. Some metallic substances, by the 
application of intense heat, are reduced to the state of glass, 
but at the same time lose their malleability ; which fact would 
seem to imply that it is impossible to communicate the latter 
property to glass. The extraordinary stories above mentioned 
have, however, been rationally enough explained by modern 
chemists. It has been observed by Kunckel, that a composi- 
tion having a glossy appearance, and sufficiently plianc to be 
wrought by the hammer, may be formed : and by Neumann, 
that, in the fusion of muriate of silver, a kind of glass is 
formed, which may be shaped or beaten into different figures, 
and may be pronounced in some degree duciile. ^V^v\qv)M\>^^ 
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in hia L'Art (?« h Vfrrerie, mentions an artist wlio presentd 
n hust of Huctile glass to Cardinal Richelieu, minister of Loiii 
XIII. But tie does not aeera to have been more fortunate ihsu 
his (iredecesBore ; for he was doomed to imprisonment for life, 
for " the politic reasons," aa Blancourt with much Biaipliclij 
observes (we ijuole from the translation published in J69i)), 
" which, il is bilieved, the cardinal entertained from the con- 
sideration of the consequences of that secret," which no doubi 
led him to fL-ar kat the eslabliahed interesta of French glis 
manufac'urers might be injured by the discovery. From ex- 
pressions used by Blancourt in other parts of hia work, ire 
tliink, that by malleable glass, such aa was produced by tiut 
artist, he understood some composition similar to those nhdcli 
Kunckel and Neumann discovered, and was not very exact 
ID limiting the term to that vitreous substance which we now 
generally understand when we speak of glass. 

The precise period at which the making of window-glus 
came into practice is not now certainly known. The Roman 
windows were tilled with a semi-transparent substance called 
lapig specularis. a fossil of the class of mica which readily 
splits into thin smooth lamlnie or plates. This substance a 
found in mauaca of ten or twelve inches in breadth, and three 
in thioknoas; and, when sliced, very much resembles bom, 
instead of which it is to tbia day often employed by lantem- 
niakere. The Romans were chiefly supplied with this article 
from the island of Cyprus, where it abounds. So good a 
substitute for glass is it said to have been, that, besides being 
employed for the admission of light into the Roman bouses, 
it was also used in the construction of hot-houses, for raising 
»nd protecting delicate plants ; so that, by using it, the Em- 
peror Tiberius had cucumbers at his table throughout the 
whole year. It is still much employed in Russia instead of 
glass fur windows. 

There is no positive mention of the use of glass for windows 
before the time of Lactantiua, at the close of the third cen- 
tury. But the passage in that writer which records the fact 
(^De Op'f. Bet, cap. 8), also showa that the lapis ipecularii 
still reiaiiicd its place, (ilass windows are distinctly men- 
tioned by St, Jerome, as being in use iu bia time (a.d. 422)- 
Afler tWii period we meet with frequent mention of them. 
Joannes Phillipinua (a.d. (j30^ states tbat^laas was fastened 
into the winduwft with (\ul«i. 
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The Venerable Bede asserts that glass windows were first 
introduced into England in the jear 674, bj the Abbot Bene- 
dict, who brought over artificers skilled in the art of making 
window-glass, to glaze the church and monastery of Wear- 
mouth. The use of window-glass, however, was then, and 
for many centuries afterward, confined entirely to buildings 
appropriated to religious purposes ; but in the fourteenth cen*- 
tary it was so much in demand, though still confined to sacred 
edifices and ornamental purposes, that glazing had become a 
regular trade. This appears from a contract entered into by 
the church authorities of York Cathedral in 1838 with a 
glazier, to glaze the west windows of that structure ; a piece 
of work which he undertook to perform at the rate of sixpence 
per foot for white glass, and one shilling per foot for colored. 
Glass windows, however, did not become common in England 
till the close of the twelfth century. Until this period they 
were rarely to be found in private houses, and were deemed 
a great luxury, and a token of great magnificence. The 
windows of the houses were till then filled with oiled paper, 
or wooden lattices. In cathedrals, these and sheets of linen 
sapplied the place of glass till the eighth century ; in meaner 
edifices lattices continued in use till the eighteenth. 

The glass of the Venetians was superior to any made else- 
where, and for many years commanded the market of nearly 
all Europe. Their most extensive glass-works were establish- 
ed at Murano, a small village in the neighborhood of Venice ; 
but the produce was always recognized by the name of Vene- 
tian glass. Baron von Lowhen, in his Analysis of Nobility 
in its Oriffiny states that, *^ so useful were the glass-makers 
at one period in Venice, and so great the revenue accruing 
to the republic from their manufacture, that, to encourage the 
men engaged in it to remain in Murano, the senate made 
them all burgesses of Venice, and allowed nobles to marry 
their daughters ; whereas, if a nobleman marries the daugh- 
ter of any other tradesman, the issue were not reputed noble." 

The skill of the Venetians in glass-making was especially 
remarkable in the excellence of their mirrors. Beckman, who 
has minutely investigated the subject, is of opinion that the 
manufacture of glass mirrors certainly was attempted, but 
not with complete success, in Sidon, at a very early period ; 
but that they fell into disuse, and were almost forgptt^xv xniVSi 
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lei Ih centnry. Previously to this periorl, pl.ttes of 
nea rnela] were used at the toilet ; and in the milenew 
'.lie first ideas which 8u;{;^e8te<l the substitution uf glass, 
)>lates were made of a deep black color to imitate them, 
ck foil even was laid behind them to increase their opacity. 
metal miirnra, however, remained ia use long after the 
>iIuation of their fra^^ile ri""'*, but at Un'tth they wboHj 
ppearcd ; a result effected c 8y by the skill of the Vene- 
g, who im|iroved their mai sture to such a de;jree diat 
' speedily acquired a eel which secured an immense 

for them tlirougliout all pe. 

am Iinly the art of gi uiaking found its way into 
nice, where an attempt wi,= ^ le, in the year 1634, to ri- 
e Venetians in the man ;ure of mirrors. The first 
was unauoueasful ; but miuiher, mude in 1666, under 
vuD patronage of the celebrated Colbeit, in which French 
worktnen who hud acquired a knowledge of the art at Mu- 
rano were employed, had better fortune. But a few years 
afterward, this etitahliahmerjt, which viss sit\iated in the vil- 
lage of Toiirlavilie, near Cherbourg in Lower Normandy, 
was also threatened with ruin by a discovery or rather im- 
provement in the art of glass-making, effected by one Abrif 
bam Thevsrt. This improvement consisted in casting plates 
of much lar;Ter dimensions than it had hitherto been deemed 
possible to do. Thevart's first pUtes were cast at Fai-i'*, and 
aatoniahed every artist by their magnitude. They were eijjhty- 
four inches long and fiTty inches wide, whereas none previous- 
ly made exceeded forty-five or fifty inches in kngth. The- 
vart was hound by his patent to make all his plates at least 
sixty inches in length and forty in breadth. In 1695 the two 
companies, Thevart's and that at Tourlaville, united their in- 
terest, but were so unsuccessful, that, iu 1701, they were on- 
able to pay their debts, and were in consequence compelled 
to discharge moat of the workmen, and abandon several of 
their furnaces. Next year, however, a company was funned 
under the management of Antoine d'Agincoiirt, who re-en- 
gaged Uie discharged workmen ; and the works realized con- 
aidera'tle pruSta to the proprietors, a circumstance which ia 
attributed wholly to the prudent mana;;emeritof D'Agincourt. 
£arly in the fourteenth century the French gowrnmeut 
mjide s coDceBuon ia ftivor of glass-making, by decneing 
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that not only shonid no derogation from nobility follow the 
pi^cttce of the art, but tlmt none save gentlemen, or the sons 
of noblemen, should venture to engage in any of its branches, 
even as working artisans. This liiuitation was accompanied 
by a grant of a royal charter of incorporation, conveying 
important privileges, under which the occupatioti became even* 
taally a source of great wealth to several families of distino- 
tion. 

It has been said that the manufacturing of window-glass 
was 6r8t introduced into England in the year 1557. But a 
contract, quoted by Horace Walpole in his Anecdotes of 
Painting^ proves that this article was made in England up- 
ward of a century before that period. This curious docu- 
ment is dated in 1489, and appears to be a contract between 
the Countess of Warwick and John Prudde of Westminster, 
glazier, whom she employed; with other tradesmen, to erect 
and embellish a magnificent tomb for the earl, her husband. 
John Prudde is thereby bound to use ^^ no glass of England, 
but glass from beyond seas ;" a stipulation which, besides show- 
ing that the art of making window-glass was known and prac- 
ticed in England in the fifteenth century, seems also to indi- 
cate that it was inferior to what could be obtained from 
abroad. The finer sort of window-glass was made at Crutch- 
ed Friars, London, in 1557. In the year lt)35, Sir Robert 
Maxwell introduced the use of codi fuel instead of wood, and 
procured workmen from Venice ; but many years elapsed 
before the English manufactories equaled the Venetians and 
Fvench in the quality of these articles. The first flint-glass 
made in England was manufactured at the Savoy House, in 
the Strand ; and the first plate-glass for looking-glasses, coach 
windows, and similar purposes, was made at Lambeth, by Ve- 
netian workmen, brou;^ht over in 1670, by the Duke of Buck- 
ingham. From that period the English glass manufactories, 
aided by the liberal bounties granted them in cat^h upon glass 
sold for export, became powerful and successful rivals of the 
Venetians ami French manufactories. The bounty on glass 
exported, which the government paid to the manufacturer, was 
not derived from any tax by impost, or excise, previously 
laid ; for all such were returned to the manufacturer together 
with the bounty, thereby lessening the actual cost of the ar- 
ticle from 25 to 50 per cent., and enabling the En^^lish ex.- 
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porter to compete succeasfal'y in forei^ marVeta. ThU bona- 
ty provision was annulled during the firemienihip of Sr 
Robert Peel, together with all tlie excise duty on home coo- 
Bumplion. 

'J he art of ^lass-making was introduced into ScotUnil in 
the reign of James VI. An exclosive ri<;1jt to manu^tura 
it within the kingdom, for the spKce of thirtv-one years, wu 
grnnled t>v that monarch to Lord George Hfiy, in the yew 
1610. This right hia lordahip transferred in 162T, for » con- 
aiderable sum, to Thomas Rubinson, merchant- tni lor in Lon- 
don, who a^ain disposed of it for 2o0/., to iSir Hubert Man- 
sell, vice-admiral of En;;1and. The first manufactory of glut 
in Scotland, an extremely rude one, was established at Wa- 
myss in Fife. Regular works were afterward comoienced 
at Frestonpans, Leith, and Dumbarton. Crown-glasa is doit 
msnufactiired at Warrington. St. Helens, Eccleaton, Old 
Swan, and Newton, Lancashire; at Birmingham, Huoslet 
near Leeds, and Bristol. It is also manufactured of excel- 
lent (juality on the Tyne and Wear. Great improvements 
have recently been made in the manufacture of crown-glass; 
and we believe this article, as made in England, is superior 
ID quahty to that of any other nation. 

The manufacture of glass was introduced into the Ameii- 
oan States in 17bO by Robert Hewes, a citizen of Boston, 
who erected a factory in the then forest of New Hampshire. 
The chief aim of Mr. Hewes was to supply window-glass, 
but he did not succeed. Another attempt was made in 1800, 
when a factory was built in Boston for making crown window- 
glass; but this was unsuccessful, till a German named link, 
in 1803, took charge of the works, and the Siate of Maft- 
■achuaetts agreed to pay the proprietors a bounty on every ta- 
ble of wiiidow-glasa they made ; after which the manufactura 
was carried on successfully, the glass steadily improving in 
quality, and becoming famed through all the States as Boston 
window-glass. The same company, in the year 1822, erect«d 
new and mure extensive works at Boston. The mystery at- 
tached to the art of glass-making followed it into America. 
The glass-blower was considered a magician, and myriada 
visited the newly-erected works, looking on the man who 
could transmute earthy and opaque matter into a transparent 
aod brilliant subotance, as an alchemist who could transmute 
base metal into go\d. 
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Since the manufacture of flint-glaM was introduced into 
the Eastern States there have been above forty oompanief 
formed from time to time, nearly thirty of which have proved 
failures. There are now ten in operation, two of which are 
at East Cambrid^se, three at South Boston, one at Sandwich, 
three near New York City, and one at Philadelphia. 48,000 
tons of 'coal, (tSOO tons of silex, 2600 tons ash, nicer, etc., 
and 8800 tons of lead are annually consumed in the maniH 
facture of flint-glass. 

In the vicinity of Pittsburg, in the Western States, are 
nine manufactories of flint-glass and ten of window-glasB, 
and in the river towns are fifteen window-glass factories. 

There is good reason for supposing that the art of col- 
oring glass is coeval with the art of glass-making itself. 
It is certain that the art was known in E>^pt at least 8000 
years ago. We have already mentioned the beautiful imita- 
tions of precious stones, found adorning mummies which are 
known to have existed for that time. We meet with frequent 
mention of specimens of Eastern workmanship of comsum- 
mate beauty, upon which great value was placed. The 
works of Cay lus and Winkelmann furnish some striking instan- 
ces of ancient skill in the formation of pictures by means of 
delicate glass fibers of various hues, which, after being fitted 
together with the utmost nicety, were conglutinated by fu- 
sion into a solid mass. The art of combining the various 
colors so as to produce pictures, such as is now practiced, is 
comparatively of recent date. The earliest specimens of this 
kind of work discover a fictitious joining of different pieces 
of glass, differently tinged, and so arranged as, by a species 
of mosaic work, to produce the figure or figures wanted. 
The various pieces are held together generally by a vein of 
lead, run upon the back of the picture, precisely at their 
junction. 

It has already been stated that the Romans combined the 
most brilliant colors in their mosaics ; and there can be little 
doubt that the mosaics gave the first idea of painted or stain- 
ed glass for windows in the early Christain churches. In all 
the eariy specimens of Norman glass, similar coloring and de- 
sign are to be traced. Starting from the fourth century, 
there is frequent mention of colored glass windows by 
Greek and Latin authors. St. John Chrysostom and St. 
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: of " wiiidows of diners colora ;" and Lnctantiui 

tSie 8011I pprceives nl'jecta thr!ni;;h our liodity eves 

wiiidowa gnrnUhed with trausi-arcnt filtisa." Th« 

.... icss weie ull aiiorned with colored jilass, and tb« 

Ctinsiain iioeta sung in ecstusiea of the effect proilnced 

I windowa at sunnsc. In ihe sixth ccnturv, Prudetu, 

ninj5 of one of these atructurea, save: — "Tlie niagi>ifi- 

je of thia tcmjile ia t--'" r-'-l. The [/mua prince wbo 

iSfcrated it hna cnu»e<i tne ults to bo painted at great 

'nap, and has clothed it » golden walls, ao that the 

of day may repeat the 1 " the morniti)^. In the wia- 

H is plnccd '■la.^s of various •' oro, which ahine like mc&d- 

iccked in the flowers o ig." An inacnption on St* 

K States, that that b , rebuilt by the Emperor 

■iuj, waa decorated wul. f^lasa, which produced the 

nagiiificent effect. In the sixth century, Sancta Sophia, 

.^unataiitinople, also received painted windows, which Paul 

me Silent praises highly. Procnpiua says, that day seemed 

to he born under the vanlts of the tein|>le; and after such 

giowiii;j deacnption it cannot be doubted liiat the glass nai 

Btaiiied, not colorless. 

The use of colored glass, however, waa not confined to 
Greece and Italy. It rapidly appeared in Gaul. Gregory 
of Tciur^, in the sixth century, also tells us thtit the church 
of St. Jiilien de Brionde, in that town, had colored glass 
windows; and the BishopofPoictiera, describing N6tre-Dame 
of Paris, admired the effect produced by the light falling up- 
on the vaults and walls after passing through the painted 
glasa, and compares it to the first tints of the morning aun. 

In England, St. Wdfred, who lived early in the eighth 
century, is said to have been the first to introduce painted 
glass windows, and for that purpose had workmen brought 
from France or Italy. 

The first pninted glaas executed in England wbb in the 
time of King John ; previously to thia, all atained or painted 
glass waa imported from Italy. The next notice of it occun 
in the reign of Henry ill. The treasurer of that monarch 
orders that there be painted, on three glass windows in the 
chapel of St. John, a little Virgin Mary holding the child, 
and the Trinity, and St. John the Apoacle. Some time ai^r, 
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he issties another mandate for two painted windows in 
the hail. 

Even at this early period, however, England boasted of 
eminent native artists in glass painting, amongst the fii*st of 
whom was John Thornton, glazier of Coventry. This per- 
son waajjWiployed, in the time of Henry IV., by the dean 
and chapter of York cathedral, to paint the eastern window 
of that splendid edifice ; and for the beautiful and masterly 
workmanship which he exhibited in this specimen of his skill, 
he received four shillings per week of regular wages. He 
was bound to finish the work in less than three years, and to 
receive, over and above the weekly allowance, one hundred 
shillings for each year; and if the work was done to the sat- 
isfaction of his employers, he was to receive, on its comple- 
tion, a further sum of lOZ. 

From this period downward there have been many skillful 
Dative artists, although the Reformation greatly impeded 
the progress of the art, by banishing the ungodly ostentation 
of ornamented windows from churches ; indeed, so serious 
waa this interruption, that the art had nearly altogether dis- 
appeared in the time of Elizabeth. Amongst the most eminent 
glass painters who first appeared upon the revival of the art, 
were Isaac Oliver, born in 1616, and William Price, who 
lived about the close of the seventeenth century. This ar- 
tist was succeeded by a person at Birmingham, who, in 1757, 
fitted up a window for Lord Lyttleton, in the church of 
Hagley. To him succeeded one Pecket of York, who at- 
tained considerable notoriety, but who was entirely ignorant 
of the true principles of the art. 

During all tliis time, however, and indeed until a compara- 
tively recent date, painted glass was regarded as too costly and 
too magnificent an article to be otherwise employed than in 
decorating religious edifices or the palaces of nobles ; and 
even in the the latter case it was but sparingly used. Mod- 
ern improvement has placed this beautiful ornament within 
the reach of very ordinary circumstances ; and the art of 
staining glass is now practiced with great success, and is ex- 
tensively used in decorating our domestic as well as our palatial 
and ecclesiastical architecture. 

The colors of modern artists, we venture to allege, notwith- 
standing what is often urged to the contrary, equal in variety 
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i8S those of the ancientg, ami. with the superior 

which wo now posaees of the |>rinciple8 of (IraHinj, 

1 01 ui nij^iii;; several colors together on a ninglo ftlieet, en- 

-agcmerit aloue is wanting to attract artists of talent sod 

' .nlive genius to the pursuit of the art, and to carry it toi 

^..attr hei;^lit of excellence thaa it has ever reached ia tbi 

hands of their predecesaors. 

MANWACTURE mOWN-<lLASa 

In order to secure bui > hia operationa, the gUa 

uiractiirer must bestow sost care upon the erection 

lis furnaces. They nma- > well and sutistHDtiall; built, 
\ie bent materials, of the uiui approved construction, and 
r the direction of a bnililei of tried skill and exteiisirfl 
■ience. A false econoi r these respecta cannot fijl 
ading to the moat niino^.. . j lults. 

»_^rown-glass is the beat kind ol glass now e:nplojcd in the 
glaiing of windows, and is so called to distinguish it from the 
common, broad, or spread glass, which was in use before the 
introduction of crown-glass, hut which, on account of its in- 
ferior tjuality, is now rarely used. In the manufacture of 
crown->;las3 the fuUowing furnaces and arches are required, 
vij., calcar arth, main furnace, bottoming hole, Sasbiug furn- 
ace, nose hole, and anoc&ling kiln. 

A Oalcar Arch for burning frit ie a common reyerberatoiy 
furnace, and is about ten feet long, seven feet wide, and two 
feet high. The crown and sides are built of fire brick, and 
the other parts of common brick. The bottom should be care- 
fully joined and cemented, as the salt is apt to ooze through it. 

The Main or Olant-maHng Futnaee is an oblong, built 
in the center of a brick cone, large enough to contain within 
it two or three pots at each side of the grate-room, which ii 
either divided, or runs tbe whole length of the furnace, u 
the manufacturer likes. 

Ttie arch is of an elliptic form. A barrel arch, that is, 
an arch shaped like the half of a barrel cut longwise throagb 
tiie ceuter, is sometimes used. But this soon gives wajr wheo 
used in the manufacture of crown-glass, although it does very 
veil in the clajr furnace for bottle -houses. 

I'he best stone in England for building furnaces is fire-stoiM 
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Trom Cox;preen, in the neighborhood of Newcastle. Its qual- 
ity 18 a close yrain,and it contains a greater quantity of talc 
than the common fire-stone^ which seems to be the chief reason 
of its resisting the fire better. The great danger in building 
famaees is, lest the cement at the top should give way with 
the excei||f6 heat, and by dropping into the pots, spoil the 
metal. Tbe top should therefore be built with stones only, 
as loose as they can hold together after the centers are re* 
moved, and without any cement whatever. The stones ex- 
pand and come quite close together when annealing ; an op- 
eration which takes Irom eight to fourteen days at most. There 
is thus lesj risk of any thiag dropping from the roof of the 
fumaee. 

The inside of the furnace is bujlt either of Stourbridge 
fire-clay annealed, or the Newcastle fire-stone, to the thick- 
ness of sixteen inches. The outside is built of common brick 
about nine inches in thickness. 

The furnace is thrown over an ash-pit, or cave as it is 
called, which admits the atmospheric air, and promotes the 
combustion of the furnace. This cave is built of stone until 
it comes beneath the grate-roum, when it is formed of fire- 
brick. The abutments are useful for binding and keeping 
the furnace together, and are built of masonry. The furnaces 
are stoutly clasped with iron all round, to keep them tight. 
Id four-pot furnaces this is unnecessary, provided there be 
four good abutments. 

BoUoming Hole, The interior is of common fire-brick, 
the mouth either of common fire-brick or Stourbridge clay, 
aad the outside entirely of common brick. 

FUuhing Furnace. The outside is built of common brick, 
the inside of fire-brick, and the mouth or nose of Stourbridge 
fire-clay. 

Ito94 Hole. This is a small aperture off the flashing furn- 
ace, and of the same materials. 

Annealing Kiln. It is built of common brick, except 
around the grate-room, where fire-brick is used. 

The materials of which crown-glass is usually composed are 
kelp and fine white sand. Pearl ashes, or certain other al- 
kalies, sometimes supply the place of the former of these 
substances. The quality of kelp is extremely various. That 
from Orkney is superior to what is made in Ireland, the He- 



FivK BtACK Arts. 

the lower parts of ScollatM. It is foimd towo- 

Bucnli, and lo produce glass of a better color.* Fa 

ijiasa-inaker'a purposes the kelp of th« Orktteys ia deeid- 

ihe best. It ia freer flora sulphur than the others, tit 

ence of which makes the glass green, crude, and fretfiil, 

I fnilowing 1!^ the course pursued in the jirt* para^dHof ktlp. 

e fuci are cut from the rocks in the months of Maj.JoM, 

rd July. They are then b jht to the slior?, and, after 

ang spread out and dried, hi hrown inU> a [fit lined Hllfa 

ties, in which a large fire has i sen previondly kindled. On 

1 firo the weed is heaped fro i time Vt time, until a Isrgs 

it U nccumnlace id tlie w ole is reilucod to a aCatt of 

"n. It is then w .... ' leveled, and utj.med to coot. 

n Biiffii-iently cold, in from the pit, and brobcB 

y portable masses, for cor venience nf transportation. 

prevent the diastpatioii Lhe ilkali,athliig very apt tot»- 

cur, the greatrst care is necessary in every part of this procecs; 

in the gathering and drying, as vrell as in thu hnrning of the 

fuci ; in ihc trcainifiit uf tlie mass «hilst \\i a stiito of fusion ; 

and in its exposure to the atmosphere during these operttiona. 

Kelp burners are but loo frequently guilty of carelesenees in 

this respect. In some places they burn the fuel in pits which 

are not lined with stones, and, of consequence, aand and 

earthy substances mingle with the fused uia^s.f Jt ia do 

uncommon thing for the mnkers to iiicrcase the weight oS 

kelp intentionally, foolishly thinking to procure a higher price 

for it by so doing. Such adulteration is, huwever, at once 

detected by the kelp merchant, and the article, which might 

otherwise have brought a good price. Is reduci-d to lees than 

a third of iia value. The inferiority of the Lowland kelp to 

'Some rminunl chominla ns<>iTl that, allhoiigh the afunl quanliljrof kelp 
be addi'd in Ihu mutiuructurH ur glawi. the Wfiglil or ttiu uIush produced i> 
DolbingmurKlhiiii Ibeorlijiiial weight o( tbuPand. Itiit IhisUiiot themt 
vilh (111: Urktii-; kt Ip. fur though it ha* Um alkali, it co.itaiiin mnru Inaoln- 
ble niBlter than the tVi-Ht HiKhliind k^'lp, and ot citursu prwliict's a larger 
quaiiiily of glarc. The Wi-ot Ulglilaiid jieidn glaisH uf vi-ry iiiivriur color 
to that procurtd bj the use of Orkofj kelp, 

t The bcBt modu of pri'parlng kelp, aa invcntfd by (Tolonel Fullarton, i« 
bylrarninpitliiareverb,T.itorjl'uriiacv',aud throwing it duwii in Ibi'TormoT 
CHkeH, in Ibe game mauaur an Trit, which we shall afti.'rwiird h:iTe occaniga 
to <1 -'scrib ■. Wbtii no prjpjr_'U, it ia mire lit To.- Ih ■ rI i»» inuiinrdctuivr, 
bitinic free of exiraiieous miitti-r. This mutbod Is uuw employL'd by eileo- 
tivv makers or kelp ia IreUud. 
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that of Orkney and the Hebrides, may with safety be attrib- 
uted as much to t<> this practice as to the inferiority of the 
fuci. Some idea, but at best a very uncertain one, of the 
quality of kelp may be formed by the examination of its ex- 
ternal appearance. A chemical analysis of its properties 
can alo4|||;ive security to the manufacturer. In preparing 
it for the manufacture of glass, it is first broken into 
small pieces, either by the hand or by a machine called a 
•tamper. It is then put into a mill and ground into a fine 
powder, stones and all other extraneous matter being picked 
oat. The powder is afterward passed through brass wire sieves. 
With regard to the obher component part of window -glass, 
namely, sand, that of the best description is procured from 
Lynn Regis, in Norfolk. That procured from Alum Bay, on 
the Western coast of the Isle of Wight, is also of excellent 
quality. The su()eriority of this sand arises from the circum- 
stance of its containing a greater quantity of minute trans- 
parent crystals than is found in the sand of any other place 
in the country. In preparing the sand, it is usually washed 
in a large vat with boiling or cold water, until the water runs 
off quite clear. The sand is then put into a calcining arch, 
where it is subjected to a strong heat for twenty-four hours. 
During this time it is kept red hot, and immediately on being 
taken out is plunged into pure cold water. This has the effect 
of dividing the particles of sand, and making it unite more 
readily with the alkali during the process of calcining. Some 
use niter during this process, which consumes any sulphureous 
matter that may be present, or extraneous substances of an 
animal or vegetable nature, and reduces them to an earth not 
injurious to glas!<. When this operation is completed, it is 
removed into the mixing room, where the pro|.ortions of ma- 
terial are adjusted and mingled together, previously to their 
heiugfritttd or calcined. Here the materials, the sand and 
the kelp powder, are carefully proportioned, generally in the 
degree of eleven of kelp to seven of sand, some manufacturers 
using eleven to ei*;ht, which are mixed up according to the 
judgment of the mixer. The majority of glass manufacturers 
are now giving up the use of kelp. Within the last few years the 
improvements in the manufacture of carbonate of soda have 
been very j^reat, while it has also fallen considerably in price. 
Instead^ therefore, of using such an impure alkali as kelp with 
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, ci mate of scuh with gand and lime is employed. wHA 
e ^lasa of as good a color as plate, and ia attended wilk 
ij other ad vantages which the other materials do not pen- 
is. Manufacturers, instead of kelp, purchase sulpfaur.aad 
th it malte Bul[ihuric acid. With sulphuric acid and muri- 
Boda they make sulphate of soda, (o which Boe, cutl, 
uii '0 added, and thus produce carbona'e of eoda, which, 
vitb sand and lime, is made i > glass. The operations for 
epanng these materials are &rried on within their own 
emiaes by several extensiv bs manufacturers. The fol- 
ring mixture has been foui produce an excellent quality 



jllnfts: 3 c*t8. Lynn satiu 
lbs. niter; 14 ditto lime; ' 

I above weight of cullet. 

rtiis mixture will make a 

nace is kept at a proper I 
course, be regulated in some a 
furnace attains. The addition ol 

e tht' ijiiality ami color of the gi 



i^ ditto carbonate of soda: 
iito charcoal ; one-fourth of 

f excellent glass when the 
The proportions must, of 
;ree by the heat which th« 
my other ingredient will in- 
_ iisd. I[ may be either fritted 
or not before being put into the pots. The use of thia niz- 
ture saves coals, time, and wages, as the founding occupies 
from sixteen to twenty hours only, whilst in other cases the 
time occupied by this process is from twenty to twenty-foar 
hours. It can also be blown into a thinner and finer substance, 
and is thus liable to a less duty. When the sand and ketp 
are thoroughly mixed, the compost is put into a calcining arch 
or reverheratory furnace, where it is subjected to a beat M 
strong as to reduce it to a semi-fluid state. Whilst in this 
state, it is stirred without intermission, to prevent the fonna- 
tion of knots containing more sand than the rest of the batch, 
an effect resulting from the dissipation of the alkali by ezeeai 
of heat. The process of calcining requires more or less time 
according to the varying properties of the ingredients com- 
posing the batch. From three to four hours is the time usu- 
ally occupied by each batch. The frit, as the substance is 
now called, is taken from the furnace, spread upon a plate of 
iron whilst yet hot, and, before it becomes quite cold, divided 
into large cakes. In the opinion of many, it cannot be too 
old for use; as when new the glass made from it ia foil of 
what are called seeds. It is commonly kept about six months 
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by opulent manufacturers. The last operation consists io 
throwing the frit into the melting-pots. 

To prevent stones or clay from the furnace falling into the 
poty those used in making flint-glass are always covered in on 
the top ; and the same thing has been tried in crown pots, 
made w|tti two openings, one in the front and one in the back, 
the back one to be plugged up when beginning to work from 
the front of the pot. This method succeeded very well, but 
was abandoned from the length of time it required ; a cir- 
cumstance which more than counterbalanced its advantages* 

These pots or crucibles are made of the finest clay. Great 
care is requisite in the selection, and in cleansing it from ex- 
traneous particles, the presence of which, even in the small* 
est degree, will injure the pot. A fine powder procured by 
grinding old crucibles is generally mixed, in a proportion sel- 
dom larger than a fourth, with what is termed the virgin clay. 
This mixture dries more rapidly, contracts less while drying, 
and presents a firmer resistance to the action of the fire and 
alkali used in the composition of glass than the mere unmixed 
clay. These ingredients having been mixed, they are wrought 
into a paste in a large trough, and carried to the pot loft, 
covered in such a way as to exclude dust and other minute 
particles. Here a workman kneads this paste by tramping 
it with his naked feet, turning it from time to time until it 
becomes as tough as putty. It is then made into rolls, and 
wrought, layer upon layer, into a solid and compact body, 
every care being taken to keep it free of vacuities, as latent 
air would, by its expansion in the furnace, cause an immedi- 
ate rupture of the pots. 

After pots are made, very great care is necessary to bring 
them to the proper state of dryness before taking them to the 
annealing or pot arch. In drying they commonly shrink 
about two inches in the circumference. When pots are made 
during summer, the natural temperature is sufficient. In 
winter they are kept in a temperature of from fifty to fifty- 
five degrees Fahrenheit. They remain in the room where 
they are made for a period varying from nine to twelve 
months. Being afterward removed to another apartment, 
where the heat is from eighty to ninety degrees Fahrenheit, 
they are kept there for about four weeks. They are then re- 
moved for four or five days, more or less, according to their 
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\a 8 ite of (!rynesa, to tlic annenling arcli, which a 
uuallyoitd cautiously lieuci-d up till it reaches ttie leiaiier- 
re of the working furnace, whither, after bciii;; flufliL-ieDt- 
amicaleil, they are carried as quicklj' as fioadiMe. Poa 
t u|ii>n an average frma eitiht to ten weeks Tbeir valM 
. uaunlly eatimated at 8^ or lOl. each. 
'I'o the frit ihroHn into tliese i>ola there is added & propor- 
tion, about an ei;^hth, of cullet i ')rul[Gn croH'D->;la8S. After 
'hia lias been done, the furuactf i. raified to the highest potm- 
<in degree of heat. The tints aiti filled every third houror 
according as Iho frit ■ .1 they are completely fall, 
; iiitetieity of the hi'M< • creased, if posKihte, til) ths 
■■••'lal, 8B it \i now called, i9 re d to fine liquid glass, which 
hen ready for the opentcioiis u he workman.* From tweo- 
u^-fiiur tw tliirty hours in utl ai.. required fur this process, 
which 18 Crtlled founding. f 

The fiiniace is slackened for about two hours, and tlit 
metal beinjc »ow in a workable state, the first operator who ap- ' 
proaehfs the furnace ia cnlled the tkimmer, who skims off 
all extraneous substances from the metal. Next fulhjws the 
gatherer, who is provided wiih an iron pipe or tube, six or 
■even feet in length. (See Fig. 1.) 

Having previously heated that end of the tube which takes 
np the glass, he dips it into the pot of metal ; and by tun>- 
iiig it geuily round, gathers about one and a half pound of 
liquid fi\aaa on the end of it. Having allowed this to cod 
for a little, he again dips it into the pot, and gathers an ad- 
ditiiinal quantity, of from two and a half to three pounds. 
This is aUo permitted to cool as before, when the Ofieration 
of dipping is again repeated, and a sufficient qunntity of met- 
al, from nine to ten pounds weight, is gathered, to form 
what is technically termed a table or sheet of glass. The rod, 
thus loaded, is held for a few seconds in a perpendicular 
position, that the metal may distribute itself equally on all 
sides, and that it m^y, by its own weight, he lengthened out 
beyond the rod. The operator then moulds the metal into 
a regular furm, by rolling it on a smooth iron plate, called 

* Tb^ vndii'er or gltaa gall U removed while the ruroace U ftt ita extreme 
defiTte or ht.«t. 

f A pliO! or wood about eleven incbe* Ionic ^j seven broad, with k bolt 
threv iiichiRb; one inch, formRHi exctlknt prod-clion In theejcaftani Iba 
Aesl lo which Ibe; ue eipoaed wbcu eun^oiui tbe nuUl to the poU. 
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the "marver," a term corrupted from the French word 
marhre. 

He then blows strongly through the tube, when his breath 
penetrating the red-hot mass of glass, causes it to swell out 
into a hollow pear-shaped vessel. (See Kg. 2.) 

The tube with the elongated sphere of glass at the end of 
it is then handed to the blower^ who heats it a second and 
third time at the furnace, pressing the end, between each blow- 
ing, against the bullion bar, so called from the part thus press- 
ed forming the center of the sheet or bull's eye. (See Fig. 8.) 

By the dexterous management of this operation, the glass 
is brought into a somewhat spherical form. 

The blower heats a third time at the bottoming hole, and 
blows the metal into a full-sized globe. (See Fig. 4.) 

When this part of the process has been completed, and 
the glass has been allowed to cool a little, it is rested on the 
casher box, and an iron rod, called a ^^pontiV* or punty rod, 
on which a little hot metal has been previously gathered, is 
applied to the flattened side, exactly opposite the tube, which 
is detached by tquching it with a piece of iron, dipped be- 
forehand in cold water, leaving a circular hole in the glass of 
about two inches diameter. The operation of attaching the 
punty is shown by Fig. 6. 

Taking hold of the punty rod, the workman presents the 
glass to another part of the furnace called the '* nose hole," 
where the aperture made by its separation from the tube is 
now presented and kept until it has become sufficiently ductile 
to fit it for the operation of the flashing furnace. Whilst 
here, it is turned dexterously round, slowly at first, and after- 
ward with increasing rapidity ; and the glass yielding to the 
centrifugal force, the aperture just mentioned becomes en- 
larged. (See Fig. 6.) 

The workman, taking great care to preserve, by a regular 
motion, the circular figure of the glass, proceeds to whirl it 
round with increasing velocity, until the aperture suddenly 
flies open with a loud ruffling noise, which has been aptly com 
pared to the unfurling of a flag in a strong breeze ; and the 
glass becomes a circular plane or sheet, of from four to four 
and a half feet diameter, of equal thickness throughout, ex- 
cept at the point called bullion or bull's eye, where it is at- 

14 
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tachcd to the iron rod. Figure 7 will give some idea of th'ii 
very beautiful part of the process. 

The sheet of glass, now full; expanded, is moved rouoii 
with a moderate velocity until it is sufficicatlj cool to 
retain its form. It is carried to the mouth of the kiln or an- 
nealing arch, where it is rested on a bed of sand, and detached 
from the punty rod by shears. The sheet or table is then lifted 
on a wide pronged fork, called a faucet (see Fig. 8), and pui 
into the arch to bo tempered, where it ia ranged with manj 
others set up edgewise, and supported by iron frames to pre- 
vent their bending. From four to six bucdred tables ivt 
placed in one kiln. 

The kiln having been clayed up, the fire is permitted to 
die out, and the beat diminished as gradually as poesible, 
When the glass is properly annealed, and sufficiently cold lo 
admit of its being handled, it ia withdrawn from the o»en, 
after the removal of the wall built into the front of the aicb, 
and is then quite ready for the glazier's use. It is first, how- 
ever, removed to the manufacturer's warehouse, where the 
circular slieets are cut into halves, and assorted into the differ- 
ent qualities, known to the tradesmen by the namea of sec- 
onds, thirds, and fourths. 

We conclude our remarks on the manufacture by observing, 
that the quality of glass does not depend upon the mixtm-es 
alone, but also upon the treatment it receives after it 
has been made, the quality of the coals, and management <^ 
the furnaces. Cleanlinees in every department of the manu- 
facture, a general knowledge of chemistry, and of the art in 
all its details, with the most unremitting industry, and skill 
in the direction and government of the operatives, are all 
essentially necessary for the production of good glass. 

MANUFACTUKE OF BRITISn SHEET-GLASS. 

This article is manufactured by Messrs, Chances of West 
Bromvich, near Birmingham, and Messrs. Hartley and Com- 
pany, Sunderland, who, after having visited tlie glass manu- 
factories of France, Belgium, and Germany, commenced, in 
1832, the making of British sheet. The principle upon which 
it is manufactured is the same as that acted upon in the mak- 
ing of common or green glass. The metal ia formed into 
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cylinders, and then flattened into sheets. The French, Bel- 
gians, and Germans, having pursued this system for the last 
fifty years in making their window-glass, have much improved 
the old mode of meting it; and as the parties who are now 
manufacturing this article in England are crown-glass makers, 
and have imported all the improvements adopted in the making , 
of sheet-glass in France, Belgium, and Germany, and com- 
bined with these the improvements which their experience as 
crown-glass makers had taught them during the same period^ 
they have surpassed the French, Belgians, and Germans in 
sheet-glass, and can now compete with them in all parts of 
Uie world. 

There is no crown-glass made in France ; and their win- 
dow-glass, though superior to our broad or common glass, 
18 not equal to the British sheet. In Germany there is little 
crown-glass made, and that of a very inferior quality. The 
greater part of the glass made in that country is sheet, and 
it is of much better quality than the French or Belgian. 
In Germany a common sort of glass is made, in the fol- 
lowing manner : Three or four workmen form a partnership, 
and, having fixed upon a place in the woods where clay and 
sand are easily met with, they proceed to build a glass-house 
with wood and clay. They then make the pots, and, from the 
ashes of the wood which they bum, obtain potash, which, 
after it has been mixed with sand, they melt into glass. They 
blow the metal into cylinders, flatten it into sheets, cut, pack, 
in short, perform the whole operations from first to last, them- 
selves. A good deal of the best of the glass made in this manner 
is sent to Nuremburg, where it is polished and sent into Hol- 
land. Some of it is sometimes smuggled into this country, 
and is known by the designation of Dutch glass. 

The expense of making British sheet is about the same 
as making crown-glass, excepting in the case of larg^ squares, 
when it is much less ; in crown-glass it is very difficult to 
get a square 34 x 22, but in 9heet-glass the common size is 
40 X 30 ; nay, sheets are sometimes made as large as 50 x 36. 
Its other advantage over crown is, that it has none of that 
wavy or curved appearance, by which the vision is so much 
distorted in crown-glass ; but, at the same time, sheet-glass 
has rather an unpleasant appearance when viewed from the 
outside of a building, in consequence of an unevenness of 
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I, chnically termed cockled; irhon viewed, however. 
toe inside, it is difficult to distinguish it from plate-gtass. 
lue materials employed in the making of sheet-glara ar« 
same aa those used in the making of crowa-gksg. Tlw 
ge melting furnace is also verj similar; in France and 
fl^um they usually contain six or eight pots, bat at the 
itiah manufactories such furnaces contain ten pota, each can- 
aing seven cwts, of metal, >*"iich requires fourteen houn 
'. melt. 
In a line with each pot, and four feet from the ground, are 
■pcted ten stages, with an open space between each, of 
lut two feet, through which the workman swings his glasa 
'en making cylinders. When the metal is ready for wort- 
he ten workmen take their stations, each having his own 
.nd stage, and also an assistant, and commence making 
lylinders, as follows : After gathering the quantity (rf 
metal required (which varies from three to twenty pounds), 
the workman places it in a horizontal position upon a wooden 
block, which has been hollowed, so that, when the workman 
turns the metal, it shall form it into a solid cylindrical mass. 
In the mean time, the assistant, with a sponge in his band, 
and a bucket of water by his side, lets a fine stream of water 
run into the block, which keeps tho wood from burning, and 
also gives a brilliancy to the surface of the glass. The 
water, the moment it comes in contact with the glass, is 
raised to the boiling point, and, in that state, does no injury 
to the metal ; but it is only when the metal ii at a high tem- 
perature that such is the case ; for, whenever the glass is cool- 
ed to a certain degree, it immediately cracks upon coming ia 
contact with water. When the workman perceives that the 
mass of metal is sufficiently formed and cooled, he ruaes the 
pipe to his mouth at an angle of about seventy-five degrees, and 
commences blowing it, at the same time continuing to turn it 
in the wood block, till he perceives the diameter to be of 
the requisite dimensions, which are usually about ten inches. 
He then reheats this cylindrical mass, and when it is sufficient- 
ly softened, commences swinging it over his head, continoiag 
to reheat and swing till he has made it the desired length, 
which is commonly about forty inches. It is now in a cylin- 
drical form, forty inches long and ten inches in diameter, one 
end being closed and the other having the pipe attached to it 
The trorkman do? be^a to Qf«n. &« «n& -vWik. u «laaed, 
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for which purpose he incloses the air in the cylinder, by stop- 
ping the aperture of the pipe with his finger; and then 
placing the closed end of the cylinder toward the fire, it 
becomes softened, while at the same time the air within is 
expanding, and, in about thirty seconds, the glass becomes 
too soft to retun it, and bursts, a small aperture being form- 
ed at the point of the cylinder. The workman then turns 
the cylinder round very quickly, and, by keeping it warm at 
the same time, flashes it out perfectly straight ; the other end, 
which is attached to the pipe, has now to be cut off. This is 
done in the following manner : The workman having gath- 
ered a small quantity of metal on the pontil, draws it out into 
a thread of about one-eighth of an inch in diameter, laps it 
round the pipe end of the cylinder, and, after letting it re» 
main there for about five seconds, withdraws it suddenly, 
and immediately applies a cold iron to the heated part, which 
occasions such a sudden contraction, that it cracks off where 
the hot string of glass has been placed round it. The work- 
man having now formed a perfect cylinder of forty inches in 
length and ten in diameter, has, before it can be flattened, to 
split it on one side, so that it can be opened out ; but before 
doing this, he is obliged to let it cool, and then, laying the 
cylinder horizontally upon a bench, draws a red hot iron two 
or three times along the inner surface. The cylinder, thus 
heated, splits along the heated part, owing to the expansion 
of the glass when heated, its cylindrical form preventing its 
breaking at the point of expansion. 

The blower having now completed his cylinder, hands it 
over to the flattener to make it into a flat sheet ; to accom- 
plish which, two furnaces are built together, the one for flat- 
tening the cylinders, the other for annealing the sheets, the 
former being kept at a much higher temperature than the 
latter. The cylinder after being gradually reheated, is placed 
in the center of the flattening furnace, upon a smooth stone, 
with the cracked side upward. In a short time it becomes 
softened by the heat, and by its own weight falls out into a flat 
square sheet of forty inches by thirty. The flattener, with 
a piece of charred wood, rubs it quite smooth, and then pla- 
ces it in the annealing arch, where it remains about three 
days to be annealed. A workman will make sixty cylinders 
40 X 50 in one day ; and a flattener can flatten the same 
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number in the same time. This glass can be made of anj 
tbiclmess from onc-twcotieth to half an inch. 

The same enterprising companies also manufacture extca- 
eively every variety of colored giaas used bj the glass-stainer, 
which 13 gathered, rolled, blown, and flattened, in a similar way 
with the Bhect-glaas, the pot-metal being gathered from one 
pot, and the flashed glass from two, one containing coloiieu 
and the other colored metal, which being blown and distend- 
ed together are combined, while each portion retains its individ- 
ual character. These oval and square glass shades used for 
covering French clocks and other ornaments, as well as glass 
dishes for dairy purposes, are also made by these parties ; and 
since the abolition of the glass duties are much in demand. 

There is another species of glass called broad or common 
window-glass, which is formed of the coarsest materials. 
The ingredients usually employed are, six measures of soap- 
boilers' waste, three of kelp, and three or four of sand. 
After these have been fritted for from twenty to thirty hours, 
they are removed while red hot to the pots in the working 
furnace, where, in the si"iace of from twelve to fifteen hours, 
they are reduced to a fluid state. The metal is taken out in 
the manner already described, and blown into globes about a 
foot in diameter. A piece of iron dipped in cold water is 
run along them, and produces a crack nearly rectilinear ; and, 
while yet warm and ductile, these spheres are opened out and 
flattened on a smooth iron plate at the mouth of the furnace. 

MANUFACTURE OF PLATE-GLASS. 

This description of glass may be manufactured in the same 
manner as broaJ window-glass, or by casting the materials in 
a state of fusion upon a flat surface. Little correct informa- 
tion has been published relative to the manufacture of plate- 
glass, from the reluctance of proprietors to permit their works 
to be examined by individuals who are capable of giving an 
intelligible account of them. If such are permitted to scao 
the mysteries, they are generally restricted to keep secret 
the information which they have acquired. The late Mr. 
Parks the chemist, however, seems to have been exempted from 
this condition, and after having visited the premises of the Brit- 
ish Plate-Glass Company, at Ravenbead, in Lancashire, be 
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ptiblished a short account of the process as there carried on. 
Besides the above manofactorj in Britdn, may be mentioned 
that of Messrs. Swinburne and Company, South ShielA, 
the Thames Plate-Glass Company, the Union Plate-Glass 
Company, St. Helen's ; and W. A. A. West's, Eccleston. 
Plate-glass is also made at St. Gobain in France, besides 
other places upon the Continent. 

The following is Loysel's account of the relatiye propor- 
tions of the materials used at St. Gobain, in the manufacture 
of plate-glass : White sand, 100 parts ; carbonate of time, 
12 ditto ; soda, 45 to 48 ditto ; fragments of glass of like 
quality, 100 ditto ; oxide of manganese, i. The following pro- 
portions of ingredients are said to produce the best descrip- 
tion of this article : Lynn sand which has been well washed 
and dried, 720^arts; alkaline salt containing 40 per cent, 
of soda, 450 ditto; lime slacked and sifted, 80 ditto; 
niter, 25 ditto ; broken plate-glass, 425 ditto. These quan- 
tities produce one pot of metal, which yields 1200 pounds of 
glass. 

Great nicety must be observed in conducting the processes 
of this manufacture. The materials must be selected with 
the utmost care. The sand should be of the whitest and finest 
description, and well washed and passed through a sieve, pre- 
viously to being mixed with the other ingredients. Soda is 
always preferred to potash, because it imparts a higher de 
gree of fluidity to the glass, and also because the impurities 
which it contains arc more easily dissipated by the heat. 
Lime acts as a flux, and manganese has the effect of giving a 
slightly reddish hue to the mixture by which the colors of 
the other materials are neutralized, so that scarcely any ap- 
preciable tint remains. Cobalt is likewise used in some 
manufactories, much for the same purpose as manganese. 
The broken glass or cullet as it is technically called, is those 
fragmentary portions which are cut from the plates when 
they are squared, or that which may flow over in the process 
of casting. The sand, lime, soda, and manganese, being 
properly mingled in the proportions above given, are fritted 
in small furnaces, where the temperature is gradually raised 
to a red or white heat, and there maintained until no more 
vapor is evolved, nor change undergone by the mixture. 
This process occupies six hours, and after its completion the 
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[ients arc adilcd, consisting of cullot and cobalt. 
lain there are two kinds of crucibles employed; 
one in which the glass is melted is culled a pot, and baa 
tne shape of an inverted truncated cone ; the other 19 entitled 
a cuvette ; it is Icept empty in the furnace, and exposed to the 
full degree of heat. Forty hours are requisite to vittify the 
materials properly, and bring the glass to a fit state for cast- 
The pots are skimmpfl in tlin manner already described, 
■n the liquid mass has been pn perly refined, the cuvett«is 
J by a copper ladle, and after sufficient time is allowed for 
Id bubbles created by this disturbance to escape, it is re- 
moved to the table where the plates are cast. Copper was the 
metal of which tables were formerly constructed ; but cast iron 
has now been found to answer the purpose completely, and it 
is greatly superior to copper in this reapect, that it remains 
uninjured during all the sudden transitions of temperature to 
which it must be subjected. The British Plate-Glass Com- 
pany were the first to introduce this improvement. They 
procured a plate fifteen feet long, nine feet wide, and six 
inches tlilclc. The sides are provided with metallic ribs, the 
depth being exactly the measure of thickness which it is de- 
sired the glass should be of. During the casting there is a 
similar rib cemporararily attached to the lower end of the table. 
The cuvette being filled with melted glass, it is withdrawn from 
the furnace by means of a crane, taken to the upper end of the 
casting table, and after being properly scummed, and eleva- 
ted to a sufficient height by means of a crane, it is emptied 
of its contents. The surface of the melted matter is then 
smoothed by means of a large hollow copper cylinder, which 
extends across the table, resting upon the side ribs. This is 
set in motion, and rolled over the glass, by which process it is 
spread out into a sheet of uniform breadth and thickness. When 
the plate has become completely hardened, it is carefully in- 
spected, to see that no flaws or bubbles appear on the surface. 
Should any be found, the sheet is immediately divided by 
cutting through them. It is afterward removed to the an- 
nealing oven, where it is placed in a horizontal position, and 
remains for about fifteen days. When glass is in a high 
state of fluidity it is liable to be injured even by a draught 
of air, so that the apartment must be kept as free as possible 
from disturbance. The opening or shutting of a door, by 
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setting the ur in ntotion, might impair the value of the plate. 
After having been withdrawn from the annealing oven, they 
have to undergo the operations of squaring, grinding, polish- 
ing, and silvering, before thej are fit for the market. These 
processes have thus been described by a late writer upon the 
subject : 

** The first process — that of squaring and smoothing the 
ecjges-^is performed by passing a rough diamond along the 
surface of the glass, guiaed by a square rule ; the diamond 
cuts to a certain depth into the substance, when, by gently strik- 
ing the glass mtix a small hammer underneath the part 
wmch is cut, the piece comes away ; and the roughnesses of 
the edge then left are removed by pincers. The plate is then 
taken to the grinding apartment 

*^ Tho next step is to imbed each of the plates upon a table 
or frame adjusted horizontally, and made of either freestone 
or wood, cementing the glass securely thereto by plaster of 
Paris. One plate being then reversed and suspended over 
another, the material employed in grinding their surfaces is 
introduced between the two, and they are made to rub stead- 
ily and evenly upon each other by means of machinery set in 
motion by a steam-engine.'' River sand and water were for- 
merly used for the purpose of abraiding the surface, but 
ground flint is now substituted, as answering the purpose bet- 
ter. When one ude of each plate has been sufficiently 
ground, it is loosened from the frame, and turned over, so as 
to present the other surface to be ground in the same manner. 
Some degree of pressure is employed, by loading the upper 
plate with weights, as the grinding of each side approacnes 
completion. The process thus described used formerly to last 
during three entire days, but this time is now much abridged. 
The greatest attention is required in order to finish with the 
sur&ces perfectly level and parallel, for which end a rule 
and plumb-line are employed. 

By means of this grinding, tne plates will have been made 
level ; but they are too rough to receive a polish. To fit 
them for this, they must again be ground with emery powder 
of increasing degrees of fineness. The preparation and sort- 
ing of this powder aril effected in the following simple and 
ingenious manner : " A considerable quantity of emery is 
put into a vessel containing water, and is stirred about violent- 




e nliole is nieclmnically mixed witb the wiln. 
irj It solutel; insoluble by Buch means ; and if the tnit 
lure vers left at rest during a suffident time, the nbol« 
would subside in layers ; the coarsest and heaviest paTtii'le< 
sinking first, iind ao on successively, until the very finest [tt^ 
tides would range themselves as the upper stratum. Preti- 
ouaty to this, however, nnd while these finest grains are fflU 
Buapended in the water, it ia '-^--ed off into a separate y»- 
sel, and the emery is there alU... L to settle. A fresh eopplj 
r water is poured into the first esse!, the contents of which 

9 again violently agitated, am allowed partially to enbsidt 

before. A shorter interval is allowed for this than in tbe 

it case ; and then the liquor is poured off into a third vessel, 
which means emery of the second degree of finencEB a 
arated. This operation ia repeated in order to obtain pow- 

?s having five different degrees of fineneas. The depwiu 
uru then separately dried upon a stove to a consistence proper 
for making them up into small balls, in which form tlicy tut 
delivered to tbe workmen. 

"Intbisfurther rubbing together, or, as it is called, stnoofA- 
ing of the glass plates, it must be understood that the coarsest 
emery is first used, and so on, substituting powders having 
increasing degrees of fineness as tbe work proceeds." * 

These processes finished, the glass, although perfectly even, 
appears opaque or deadened on .the surface, and requires pol- 
ishing. This is effected in the following manner : A piece 
of wood is covered with numerous folds of woolen cloth, tbe 
layers being divided by some carded wool interposed between 
each, the whole forming a tolerably hard but elastic cushion, 
which ia furnished with a handle. The plate is laid upon a 
bed of plaster, as already described, and the cushion being 
wetted, is covered with the red oxide of iron (the a>leo- 
thar of commerce), and moved backward and forward upon 
the surface of the plate. Lastly, if the glass be intended for 
mirrors, il is silvered, that is, covered on one side with a thin 
coating of amalgam of tin and mercury. 

The process of blowing plate-glass differs so slightly from 
the methods used in producing broad glass, that they need 
not be here repeated. Any differetuMltuat does exist, arises 

* Glait UanafikctuTe, Lardncr'a Oilimet Q/tkpadia, So. t6. 
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from the great balk and weight of the mass of glass operated 
upon. f 

STAINED OR PAINTED GLASa 

In an age like the present, when a lugh state of civiUsa- 
tion and refinement demands the most careful and diligent 
enltivaiion of those arts which mmister to the gratification 
of refined taste, Glass Painting, as an art now acknowledged 
indnpensable in tiie decoration of our chnrches, palaces, etc., 
has assamed an importance not attained at any former period ; 
and firom its progress in connection with our present advances 
in artistic knowledge, we may safelj^ infer, ttiat if tiie noble 
elements in its nature and capabilities be fairly and legiti- 
mately applied, it will become the most potent W^nt in ad- 
Tancing tiie standard of architectmral decoration. WiOiin these 
few years in oar own country, its progress has been altogether 
wonderful. Since the abolition ot the duties on glass, Britain 
has produced the rarest and the richest colored gUss in end- 
less profutton and variety. Light hss been adnutted into 
gorgeous apartments through domes filled with colored glass 
of colossal dimensions, the decorations of which, worked out 
from the dengns of the architects, enhance and ^ve power 
to the other ornamentation of the interiors, and produce a 
eovp^ceil not previously known nor dreamt of. Stuned 
glass windows for churches have been, and are being executed 
in Britain, which, for appropriate design, brilliant color, sub- 
dued tone, symmetrical proportion, minute manipulation, and 
variety of carefully considered detul, stand comparison with 
the best existing specimens of mediaeval times. Windows 
for palatial and baronial structures have also been recentiy 
produced in this country, whereon are traced in imperishable 
lines, and blazoned in unfiiding colors, correct effigies of his- 
torical personages, representations of historical events, genea-- ^ 
logical arrangements of heraldic bearings, and other legends 
and memorials, which will convey to distant times a favorable 
idea of the state of British art in the nineteenth century. The 
earliest record whidi we possess concerning the existence of 
this beautiful art is Orflie age of Pope Leo ill., that is, about 
the year 800, a period in which many of the most magnificent 
ecclesiastical edifices on the Continent were erected. It is 
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^ n ith ecrtainty when stained glass was made use of 

(...lO.i or figure subjects, but the hiatorian of a moDa*- 
lery at Dijon, writing in the eleventh century, says, that there 
existed in hia time in the church of his monastery some very 
ancient glass representing the mystery of the Holy Euchar- 
ist, and that this glass picture had been taken from the old 
church previous to its restoration. The earliest specimens of 

ined gloss are composed of Email pieces of glass, imbued 

oaghout with color, united by grooved leaden joinings. It 
.^ been suggested that this aros > from the glass-makers of 

t period not being able to make it in larger }iieces. If so, 

I) far as sparkling brilliancy in glass decorations ia a de- 

ratum, it might almost have been as well for the art that 

anufacturers of the colored metals bad stilt been in the 

u« position. Brilliancy is always increased in the eamo 
.Bvio with the number of pieces of glass in the compo^tion. 

Nothing could be more instructive or interesting than an 
investigation of the relative merits of the existing specimens 
of the art during the six centuries it was so diligently and 
effectively cultivated in conncclioii with ecclesiastical archi- 
tecture ; but this inquiry would be too extensive to be opened 
up here. The following remarks, therefore, are confined to 
a few of the leading points in the glass of the various styles 
which prevailed in succession from the eleventh to the seven- 
teenth century, in which may be traced very clearly the prog- 
ress of the architects, under whom the glass painters worked, 
from clumsy and servile imitators to bold and original designers. 

The Korman style, in its early period, was a direct though 
imperfect imitation of Homan architecture ; but when pointed 
architecture had attained its greatest perfection, ite chief 
feature was originality. During the gradual development of 
this, its peculiar characteristic, the openings in the walls by 
degrees were enlarged, until they ultimately became the prin- 
cipal points, and it was requisite that they should be Ju- 
diciously decorated ; and in no branch of art connected with 
pointed architcture can its onward movement be more clearly 
traced than in the painted glass windows. 

The painted glass of the eleventh and twelfth centuries, 
like the Korman architecture of which ft formed a part, was 
stately and of a magnificent character. The colors were of 
the most vivid and most positive description. There was no 
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spot left for the eye to repose on ; no neutral tints nor see* 
ondarj eolors were introauced. Tl^ whole of the ground 
and foliage were filled with intense coior, ruby and blue inva- 
riabl J preponderating. The same lore of violent and striking 
contrast as is peculiar to man in a state of semi-barbarism 
was manifested m the coloring of tiie windows of that period, 
and the general efiect must hare been congenial to the ro- 
mantic and martial spirit of the age of chivaliy. The leadhig 
forms were massire and simple, consistbg ohiefl? of the circle 
and square, filled up chiefly with clumsy inutations of the fo- 
liated ornament to be found in Roman architecture. When 
figures were introduced, they were like those in the Bayeuz 
tapestry, marrelously correct in costume, though dispropor^ 
tionate in drawing, and filled up with strong pondye colon, 
flat, and the outline defined chiefly by the strong thick lines 
of the lead, resembling those higUv titled personages repre- 
sented on packs of cards, or those m Chinese processions, as 
delineated by the native artists of the Celestial empire. 

In the thirteenth century, the painted glass, like the pri- 
mary pointed or early English architecture of which it formed 
a part, was of a light and elegant character. The glass 
painter had then acquired a more correct idea of what con^ 
stituted beauty, both in form and color. The positive colors 
were now used more sparingly, and indeed were almost 
confined to geometric bands, central points, and borders con- 
tinued round each entire light. The general grounds were 
of a beautiful tint of neutnd gray, produced by lines inter- 
sected at right angles, from which were relieved by bold lines 
scrolls of Mated ornament in clear colorless ^ass. The 
glass in the Sister windows of York Bfinster may be named 
as one of the finest existing specimens of this description, 
figures and subjects also, when introduced, were better drawn 
than formerly. The faces were kept colorless, slightly shaded 
with brown of a rough gritty texture. The secondary colors 
were' used in the draperies with a most delicious efiect, soft- 
ening and harmonizing the whole composition, and giving a 
lightness and variety previously unknown. In the leading 
forms of the omamejrtal portions also were seen repeated the 
geometric features orflie building; and in the glass of the 
period we can recognize repetitions of the ground plans of 
the shafts, with the enrichments on the laps and on the mould- 
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r tb I wiorlows and doorways. In the foliaged bict 

la, t nid repetitions of tbo ancient Roman foliage, n ' 

aud then get fragrtients of eimple foliage, such as trefoik, 

ently taken from natnre ; and we are able to trace ii 

igrcsa an art which was shortly to become as origtaa] u 

u^uutiful, and dependent entirely on the artist's knowledge 

and apprecia^on of nature and geometry. 

During the fourteenth and "''tcenth centuries, wbea tht 
londary pointed or decorated av le of architecture gradually 
->, feloped its immense resources, tnd advanced steadily toward 
rfoction, wo find that the glass advanced iu the same ratio 
the art with which it was associated. In accordance witb 
rtain fixed rules of proportion, tho glass artists elongated, 
:ersected, diversified, and arranged rectangular, triangular, 
] curvilinear figures, and made these harmonious combini- 
...na tbeir leading points for color. They were thus enabled 
with certainty to produce a pleasing eOect, and to fill tip tbo 
detail according to their own fancy, with an imitation of tbe 
common weeds, flowers, and plants that they found growing 
around tbem. This principle was carried out in every por- 
tion of the detiul in the remarkable structures then erected; 
and the exquisite imitations of vegetables and plants on the 
carving of the caps, friezes, and mouldings, show the extra- 
ordinary love of nature which must have animated these fra- 
ternities of artistic minds by whom these details were worked 
out. The monks of Melrose made " gude kail," says the old 
BODg, and from the exquisite manner in which that vegetable 
has been carved on some of the portions of that fine old abbey, 
one would conclude that the carvers must have shared largely 
and appreciated highly the " gude kail " of the holy broker- 
hood, a feeling no doubt also entertained by the glass painters 
of the structure whose works would doubtless exhibit aimilar 
genius with the glass of that period, which was well chanz- 
kterized by a rich juicy natural freshness, as well as an easy 
play of elegant outline and graceful proportion. In many in- 
stances also, the gray background produced by intersected lines 
was abandoned, and a tint of rough gray obscure subtituted, 
which imparted to the whole a softer effect, and gave a better 
relief to the outlined foliage of which the diapering was com- 
posed. At this period also, glass paintipg had attracted art- 
ists of high genius, and the figures and subjecta in the ^asa 
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<^ the period are perfect specimenB of what the art ought to 
be. These artists tested its capabilitiesi and how well and 
fhoroQghlj thej did so may be seen In Cologne Cathedral, 
where the flowing, bold, and elegant outline, £e rough semi- 
transparent texture, the cahn expressive countenances and 
attitudes of the figures of Durer and his cotemporaries, fairly 
set aside and overpower the glowing, brilliant, but frowsy 
tfjpeoimens there of modem German art, as practiced in Mu- 
nich, under die auspices of the Bavarian government. Per- 
haps, also, the ornamental glass of the period in that structure 
will be found equal to any in the world for geometrical sym- 
metry and natural foliage, the latter imitated from the com- 
mon weeds and {dants indigenous to the locality. So fasci- 
nating and far-fiuned were the painted glass windows of that 
period, so novel were the effects produced by the rich semi* 
transparent shadows and reflected lights, that Mr. Eastlake 
conjectures that the increase of color in shade which is so 
remarkable in the Venetian and early Flemish pictures may 
have been suggested by the slight shading on the stained 
glass through which it was transmitted. Over the Lady 
Chapel in me north aisle of York Minster are two windows 
of this period remarkable for the brilliancy and quiet feeling 
formerly alluded to as indispensable in glass painting of a 
high character. 

• After Uie decorated period painted glass degenerated first 
into the flat, tame insipidity of the perpendicular style, and 
then ran riot in the extravagant tortuosities and monstrosities 
of the capped, jeweled and double gilt details of Elisabeth- 
an architecture, which it seems a fallacy to suppose was 
imported from Italy. At the time of its introduction a strong 
tide of feeling had set in against everv thing that pertained 
to the Roman Catholic relidon, and it seems unlikely that 
after baring diverged from we style with which tiiat religion 
had so long been identified, the nation should have imported M 
any thing from Italy, its headquarters and chief stronghold. 
It rather seems probable that at a time when attempts were 
made to get quit of every existmg form and style of archi- 
tectural decoration, there would be awakened a strong desire 
for novelty ; and when it is remembered that the newly dis- 
covered continent of America was visited by crowds of ad- 
venturers, it will not appear unlikely that many of tBesd 
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rB must Iiave been delighted ftnd dazzled with St 
It and unique architeclural atructures which adonej 
.■nt cities of Central America, and may have iniporttJ 
id introduced into English architeclure man/ of lit 
s which wo are accuatomed to believe were origintteJ 
Elizabethan era. The painted glass of that periei 
"■laKce of the aame character; and in Du Paix'a gwil 
k on New Spain will •"" " od aoinething very like 6» 1 
ingin of many of these p tica, eccentricities, and hrt- 

-ogeneous conglomerations wn ^ characterize the woodnrf 
lie carvin", as well as the " and window decorations of 
t extraordinary style of ai lecture, 
from this rapid eketch of im history of the rise and d^ 
lence of painted glass, it » ars that there is no limit te 
•"•)ahilitics; and that fo g, as it does, a leading ta- 
:ural decoration, it is ai ell adapted to ose style u 
anotucr. If the principles of I .rmonious coloring and tya- ' 
metrical proportion be carefully attended to, aa was the ew 
in the best specimens of the art in the mediseval period, 
painted glass must ever be re;;arded as one of the most at- 
tractive decorations for church or mansion. It is no donbt 
a species of mosaic, and the artist must generally depend oe 
harmonious combinations of color and continuity and firmnes 
of outline for the effect he intends to produce, as the brilliant 
coloring and mosaic character are lost in the same ratio as 
shading is introduced. 

It is also true that windows are generally intended for the 
transmission of light, and that in some cases the eacrifice of 
light required for pictorial effect cannot be made. Tet who 
can resist the attractions of such pictorial glass as is to be 
found in the windows of St. Gudule at Brussels, or St. Jans 
Kirk at Gouda, where the principles of chiaro-oaouro and pei^ 
spective are fully developed, where foreground and distance 
* hold their proper places, and where the lights and brilliant 
colors are arranged in a manner to rival the best specimens 
of theancientmastersof painting in oil. Thiemode of treat- 
ment is not to be advocated for general use, hut where there 
is light enough and to spare, and where men of high artisde 
powers apply tbemselvea to glass paindng, they may safely 
be left to their own genius, and allowed to render their con- 
ceptions as vividly and perfectly in glass aa others do on can- 
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ras. The dull, heavy, uniform opacity which pervaded the 
g^ass of the last century, when it was made up in squares, 
the colors fused, and the whole work looked like cloth trans- 
parencies, is not to be tolerated. The brightest colors that 
can be produced in pot metals joined in the ancient way by 
leading ought always to be used ; and although in general 
the effect of mosaics in low relief may be preferable, yet the 
shading and toning requisite to give full effecl to a good pic- 
torial design may be given without detiiicting greatly from 
the light. 

Glass is the most enduring species of artistic medium, and 
it is to be hoped that this quality will yet cause eminent 
artists to leave the impress of their genius on painted windows. 
Had the art of psdnting on glass been known in the age of 
Phidias, we might have had preserved, in colors as vivid as 
when the works were executed, the Jupiter of Homer by 
Apellea, the pictorial embodiment of the Athenian character 
by Parrhasius. A singular fact illustrative of the durability 
of punted glass may here be stated in connection with York 
Ifinster. When the nave of that fine structure was de- 
stroyed by fiire, the heat was so intense that many of the 
atones were calcined. When the leaden framing of the 
windows melted, the glass made of many small pieces fell 
down undamaged, and was afterward carefully rebuilt in new 
leading and fixed in its original place, where it now remains 
the most fragile yet the most enduring portion of the ancient 
structure. 

In ornamental painted glass the positive colors ought gen- 
erally to be used sparingly, and coxifined to the chief points in 
the composition. When overloaded with color, the sparkling 
brilliancy so desirable in painted glass is entirely lost. The 
general ground of the window should be of a neutral tint 
suitable in tone to its character and situation. In a southern 
aspect this tone should be of a cool gray, and the positive 
colors, blue, green, and purple, ought to predominate over 
ruby, vellow, and orange. In a northern aspect the general 
grouna should be of a warm sunny tint, and the warm ought 
to predominate over the cold colors. An eastern window 
ought to approximate in color to a northern, a western to a 
south window. 

It is always desirable to have a combination of atrai^hi 

15 
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r curved linea in the leading forms of painted glass. Al 

[be htiman body, the eS^ect of the elliptic curvature cf tb 
nclea \s enhanced by the angulir position of Ibe stn!^ 
es on whicli they are plnce^, or by the sharp square iilili- 
cations of the bony extremiiies, in like manner the currilinoi 
lines in ornamental decorations appear to more advantage 
when balanced by a harmonious proportion of straight Iidm. 
A very iiDportant feature in g ss U diapered work in At 
backgi'ouiida, a great vaiiety m designs for which m»y \» 
'.aioed from [slants and flowers by the wayside, in the ieii, 
the garden ; and the more homely these are, they are often 
more suggestive and pleasing. Borderings are altaoK 
iapensable in all ornamental painted-glass windows. TImj 
1 together what might otherwise be disjointed and aott- 
ed, and afford ecope for endless variety of de^gn, both it 
.^. m and Color. Heraldic eymbola and emblazonmcnta havt 
always been amongst the most attractive features in stained- 
glass wimiuws. The points which most shields form fori 
balance of poaitive color ; the crests, mantling, sujiporten, 
and mottoes, twisting or twining either quaintly or gracefull; 
through the composition, not to speak of the interestiog natvit 
of heraldry as a guide through the intricate mazes of famflj 
connection, wending through the depths of ages — all tend to 
render it the moat admirable field on which the glass painter 
can be engaged. For hall or library windows such devicM 
are very appropriate, and indeed so highly are thej appre- 
ciated, and so much is painted glass now coming into repute, 
that there is scarcely a new house of any pretensions without 
its library or staircase stained-glais window. In towDS where 
back drawing-room windows look into mean or filthy lann, 
what a deU^htful remedy is found in light sparkling stained 
glass. Either heraldic blazon, family monograms, or omi- 
tnental devices, may be used ; and if the inner window be 
fitted up flush with the inner wall, and the room lighted tt 
night mainly from lights placed between the outer aud inner 
windows, the effect is chaste and beautiful. 

Restorations of windows connected with ancient edifices 
affiird fine media for embodying local legends or hisforicil 
local incidents. In new structures for public purpoeoe wbit 
place so fitting or so striking as the windows for reprcsea- 
tgtions of mea emiaeat ia coaaeclaoa with such iustitutioii*. 
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Monuinental windows have recently been introduced into 
charches with excellent effect, and they afford scope for in- 
vention as various as the characters of those whose virtues 
they are designed to commemorate. In churches even in 
Scotland stained glass is rapidly assuming its ancient impor- 
tance, and there can be little doubt that it will ultimately be 
00 much encouraged and cultivated that the windows of our 
public edifices will be the honored medium of transmitting to 
remote posterity the works of the jt/Kji'^^^^ of British 
art. 

Except in the name, painting on glaro has no resemblance 
to any other department of the pictorial art but that of por- 
celain. Both the colors, and the process of their application 
throughout, are entirely different. Where animal and vege- 
table substances are freely used as coloring matter in every 
other department of pictorial art, they are wholly excluded 
in that of glass painting, where all the pigments used are 
subjected, after being laid on, to the operation of fire, to 
make them penetrate the body of the glass, or become fused 
on its surface — a process which would wholly destroy the 
coloring properties of such substances. All the colors em- 
ployed in glass painting and staining are oxides of metals or 
minerals, as gold, silver, cobalt, which not only stand the fire, 
but require the powerful interference of that agent to bring 
out their brilliancy and transparency. Some colors, on the 
application of heat, penetrate the body of the glass, and from 
this circumstance, are called stains ; while others, being 
mixed with a vitreous substance called fiux, become fused or 
vitrified on the surface. The former produces a variety of 
colors, and all of them are perfectly transparent. The pro- 
duce of the latter are only semi-transparent, but they may be 
made to yield any color or tint required. 

In preparing these colors, the most important point to be 
attended to is, to have all those that are to be used at the 
same time of an eoual degree of softness. To attain this, 
those that are hard, and require a great degree of heat to 
make them effective, must be fixed first ; leaving the soft 
colors, for which a slight heat only is necessary, to the last. 
If used promiscuously, and without regard to this precaution, 
some of the colors would be rendered too fluid, while others 
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nouM be iDsufficicDllj fused, and the nork in conscqaew 

spoil ud. 

GLAZING OF WINDOWS. 

Putty, an important and indispensable article in tlio gli- 

eicr's trade, is composed of whiting and linseed oil. Chaik 

'" "jmetimes used instead of in- f'ormor, but the expense lai 

>r incurred in preparing it : much greater, and besida 

generally contains sand, so tlii, l it ia no object to the glaii« 

smploy it. Whiting is in cry way to b© preferred ; ii 

it be thoroughly dried bcfo the oil is addea to it, otii«- 

} the union will not be cffci d, or at least it will be Teij 

rfeot. 

fter the whiting has been th roughly dried and prepared, 

light to be passed tbroagh l very fine sieve, and all Hit 

remaining lumps and knots pulverized, and then also passed 

through the sieve. Great caro must be taken to keep the 

whiting free of sand and other extraneous substances. 

When putty is to bo made, put the proper quanUty of eil 
into a tub or other open vessel, and gradually add the whitmg 
whilst yet in a hot state, at the same time keeping the whole 
in motion with a stick, until it becomes of a sufficient coo- 
eistoncy to admit of being wrought by the hand on a board 
or table. Having been removed thither from the tub, it 
must bo wrought up with dry whiting, until it Is converted 
into a compact mass. ^Vhen brought to this state, it ought 
to be put into a hollowed stone or mortar, and beat with a 
wooden mallet till it becomes soft and tenacious, when more 
whiting must be added, until it has attained a proper con- 
sistcncy. 

When putty Is required of a superior degree of fineness, 
and which will also dry quickly, add a little sugar of lead or 
litharge ; and if an increase of strength be wonted, a little 
white lead. 

When the panes have been fitted into the checks of the 
saahes, the; must be removed, and the checks well bedded 
with beat patty. This done, the panes are agun retnmed to 
their places, and gently pressed or lodged m the bedding, 
the workman, as it were, humoring the glass should it be 
bent or twisted, and taking care that there is no hard ex- 
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ineous sobstance mingled with tiie putt/,' which might en- 
inger, if not actually break the glass. When a pane is 
nrfectlj bedded it lies quite firm, and does not spring from 
te puttj ; but when, either from a perverse bend or twist in 
16 glass, or any other accidental cause, it happens that it 
uinot be made to go quite close to the check, the vacant 
Mce must be carefdlj and neatly filled upon the back putty- 
tg, otherwise the window will not be impervious to the 
eaiher, and will be very apt to fall pto decay by the ad- 
iasion of moisture. 

The convex or round side of the pane, where such a shape 
sours, should be presented to the outside, and the concave 
r hoUow to the inside. When thus placed, they resist the 
eather better than if the hollow sides were exposed to it. 

After the pane has been bedded, the next process is the 
itside puttying. This putty should be kept in tiie fore check, 
K>ut the thirty-second part of an inch below the level 
f the inside check, so as to allow the thin layer of paint 
hich binds these two substances together to join the putty 
dd glass ; and that it may not offend the eye by being seen 
"om the inside ; and that, when it is painted, the brush may 
dt encroach on any visible part of the pane, leaving those 
igged lines or marks which arc so often seen from the inside 
I ill-finished windows, and which are so displeasing to the 
fe. This operation, and finishing the corners, are two nice 
nais in the art, and therefore, when properly done, discover 
te neat-handed and skillful workman. 

All frames or sashes of windows ought, before being glazed, 
> receive one or two coats of whit^ paint, to which a small 
>rtion of red lead has been added to facilitate its drying, 
id to give increased strength and durability to the paint. 

Lattice or Lead Windows, — This antique and singularly 
sautiful style of glazing has unaccountably fallen much into 
isuse, although of late years it has certainly undergone 
>mething like a resuscitation, in consequence of a revival of 
le public taste for stained glass, and a growing predilection 
r Mediaeval architecture in churches, cottages, and the like, 
or these, and for staircase window^, and indeed all windows 
milarly situated, as in halls, lobbies, or the like, it is par- 
sularly adapted. 

It may be proper to premise, that lead windows require 
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stained or colored glass for producing tbeir fullest and best 
effects, and it was with stained glass onl^ tiiat the^ were 
originally constructed ; but vorj neat and elejjant window! 
are executed in this style with plain glass, where varietj' and 
beauty of figure are made to compensate in some measure fat 
the absence of color. 

Lead windows may be mado to any pattern, and in this then 
is great scope for the disptay of a correct tasto. In the tiow 
of Elizabeth, this branch -of the glazier's art was carried to 
great excellence, especially by one Walter Geddes, who vu 
employed in glusing most of the royal and public buildinga 
of that period. Geddes executed in this style some windoirt 
of (ranecendent beauty, displaying an endlesa variety of the 
most elegant and elaborate figures. The most useful and most 
common description of plain glass lead windows, faowerer, 
are lliose of the diamond or lozenge shape ; but, as already 
said, they may be made to any pattern desired. 

The lead work can be adapted with ease to any patten 
that may be chosen for the glass ; and It can likewise be made 
to any breadth, from one-eighth to Gve-eightha of an inch. 

The apparatus and tools necessary fur producing this are. 
a glazier's vice or lead mill, moulds for casting the lead into 
slender bars or rods of about eighteen inches in length, which 
ia the first process ; and a three-fourth inch chisel j a hard- 
wood fillet for forcing the glass into the grooves in the lead 
frame-work ; and an opener or wedge tool, made also of hard 
wood, or ebony, for laying open the grooves for the reception 
of the glass ; two copper bolts for soldering, the end formed 
like an egg. 

The lead intended to be employed in window-malting must 
be soft, and of the very teat quality ; and grciit care must 
be taken to have the moulds properly tempered, otherwise 
the lead will not be equally diffused in them, and the castings 
consequently not perfectly solid throughout, as tbey ought 
to be. 

The castings are, as already noticed, usually about eigh- 
teen inches in length, and are afterward extended by the 
mill to the length of five or six feet. 

It may not be unnecessary to add, that the mill not only 
extends the lead, and reduces it at the pleasure of the op- 
erator to the dimensions required, but at the same time forma 
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the grooves into which the edge of the glass is afterward in- 
irodaced in forming the window. 

When the lead has been prepared in the manner described^ 
the glazier ought to proceed to cat out the panes wanted. 
For this operation he must prepare by first outlining the fiill 
dimensions of the window, and then lining it off to the pat- 
tern required, shaping the panes accordinglj. If the window 
is of a large size, this may be done by compartments, to be 
afterward united, and thus be more conveniently wrought. 

When all the glass has been cut for the window, the next 
thing to be done is to open the grooves in the lead with the 
opener or wedge tool. The panes are then, in order that they 
may bo water-tight, fastened very firmly into the grooves wiw 
the wooden fillet already spoken of (which may be fixed on the 
handle of the chisel or cutting-tool), the parallel lines of lead 
being secured in their proper places on the board, when the 
window is of the diamond shape, by a small nail at either end, 
until the course is finished, when the work is permanently 
fastened by running a small quantity of solder gently over 
the two connecting pieces of lead at each joint, or angular 
point. When the window has been completed, it should be 
removed from the working board to a fiat table, and there 
covered with a thick laver of cement, composed of white lead, 
lamp-black, red lead, litharge, and boiled linseed oil, with a 
half-worn paint-brush, and the composition carefully rubbed 
into every joint. This will render the window completely 
impervious to the weather, as the cement, if properly laid on, 
will fill every chink, where it will soon become as hard and 
durable as any other of the materials of which the window is 
composed. 

The window, on being fitted into the frame, that is, on 
being set in its place in the building for which it is intended, 
ought to be supported with iron rods, extending three-eighths 
of an inch beyond the breadth of the frame on each side, 
running across it at the distance of from twelve to fourteen 
inches from each other, and secured to the lead frame-work 
at intervals with copper wire. 

THE CUTTING DIAMOND. 

Before the introduction of the diamond as an agent in 
cutting glass, that operation was performed by means of 
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emciy, shnrp pointed mstniments of tlie hardest steel, tfi 
sometimes red-hot iron. These were the onl^ coiitrirsncei I 
known and practiced by the ancient glaziers. 

In considering tho diamond in its reladona to the purpoMl 
of the window-glass cutter, there occur some circumstancH 
not unworthy of remark. Amongst these, it may be noticed, | 
that the cutting point of the diamond must be a natnral one; 
an artificial point, however perfectly formed, will only scratdi 
the glass, not cut it. The diamond of a ring, for instance, 
will not cut a pane, but merely mark it with rough superficial 
lines, which penetrate but a very little way inward. Artificial 

Sointe, corners, or angles, therefore, produced by cutting the 
iamond, arc adapted only for writing or for drawing ^gma 
on glass, and such were those used by Schwanhard, Rost, 
and the other old artists who wore celebrated for ornamenting 
glasa vessels. The cutting diamond does not write so w^ 
on glass, from the circumstance of ite being apt to enter too 
deeply, and take too firm a hold of the surface, and tbns 
become intractable. It may be further noticed, that an 
accidental point produced hy fracturing the diamond, is as 
unfit for cutting as an artificial one. Such a point will also 
merely scratch the glass. No point, in short, that is not ^ren 
by the natural formation of the mineral, will answer the pur- 
poses of the window-glass cutter. 

The large sparks, as the diamonds used for cutting glan 
are called, are generally preferred to the small ones, fitnn 
the circumstance of their being likely to possess (although 
this is by no means invariably the case) a number of outdng 
points ; while the very small sparks are not always found to 
possess more than one. Thus, if the point of the latter is worn 
or broken off, although the spark be turned, and reset in 
its socket, it will still be without the power of cutting, and 
consequently useless ; while the former, on undergoing th« 
same operation, will present a new and effective point. 

The large sparks are called mother tparkt, and are some- 
times cut down into as many smaller fragments, bearing the 
same name, as there are natural points in them. Each of 
these, therefore, can have only ono cutting point, and are 
consequently only proportionately valuable to the glaeier, 
since they cannot be restored by resetting. 

The Setting of Diamondt is a process with which every 
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glaner ovj^t to be fteqaainted ; nor is H in art of JKffionlt 
acquirement ; some practice, and a little patience, are all 
that is necessary. 

After having selected a stone, as clear and pellucid as pos- 
», and of an octahedral shape, or as near to that form as 
it can be procored, the workman proceeds to ascertain which 
is its cutting point, or, if it has more than one, iriiich is the 
best This will be found to be that point which has the cutting 
edges of the crystal jdaced ezactlj at ri^ht anf;|es to each 
ot&r, and passing precisely through a pomt of intorsection 
BMde by the crossmg of the edges. 

He then provides a piece of copper or brass wire, a quarter 
of an mch in ^ameter, having a hde drilled in one of its ends 
large enough to contun three-fourths of the diamond to be 
set. Having temporarily secured the ^mond in this hole, 
the setter ascertains the cutting pomt by trying it on a piece 
of glass ; and when he has discovered it, he marks its pomtion 
by making a slight notoh in the wire with a file or otherwise, 
ezacti^ opposite to the cutting point, as a guide to him in his 
operations when he comes to fix it permanently in the socket 
head of the handle. Wdien doing this, care is taken to keep 
it exactiy parallel with the inclined plane of the socket head. 

GThe cutting point having been ascertuned, and the diamond 
fixed into its place, the wire is then cut off about a quarter 
of an inch below the diamond, and filed down to fit exactly 
into the aperture in the socket head, into which it must m 
soldered. The rough or superfluous metal around the stone 
is removed with a file ; and, lastlv, the setting is polished 
with emery or sand-paper. Such is the most approved 
method of setting new diamonds, and it applies equally to 
the resetting of old ones. But in the latter case, the first 
process, that of detoching the stone from its bed, is accom- 
plished either by means of a knife, or by applying the 
blow-inpe. 

The art of managing the diamonds in glass-cutting, so as to 
produce eflbctive results, can only be attained by considerable 
experience. The diamond must be held in a particular po- 
sition, and with a particular inclination, otherwise it will not 
cut, and the slightest deviation from either renders an at- 
tempt to do 80 abortive. In the hands of an inexperienced 
person it merely scratehes the glass, leavmg a long rough 




; no fiawire. The glazier judges hj his enr of tU 
.™,.s.. When (he cut is a clean and effVciive one, ti» 

iDond produces, in the act of being drawn itloDg, a slurp, 
n, nnd equal aound. When the cut is not a good orw, I 
sound is harsh, gratings ami irregular. On pcrccinoi 
, ihc operator alters the inclinstion and position of Ha j 
matcoiid, until the proper sound isiimiited, when fae jiroccedl 
with his cut. 

The diamonds employed in glup i-cutting are of ihe dncrip- 
iioa known by the technical name if l/orl, a classiScation fthidi 
includes all auch pieces as ore t^o small to be cut, or are of 
a bad color, and consequently unSt for ornanictital purf-oses. 
These are accordingly selected f )m the better sort, aud suld 
separately, at au inferior price. 

Though there are many Bubstanccs that nil! scratch glass, 
the diamond was thought to be [he only one that would cot 
it ; but some experiments of Dr. Wollaston have ahowo thtt 
this is not strictly correct. That eminent philosopher gare 
to pieces of sapphire, ruby, spinel ruby, rock cr_>'slal, and 
some otlier substances, tliat peculiar curvilinear ed^e wLiub 
form^ the cutting point in the diamond, and in which, and in 
its hardness, its singular property of cutting entirely lies, and 
with these succeeded in cutting glass with & perfectly clear 
fissure. They tasted, however, but for a ver; short time, 
soon losing their edge, although prepared at a great expense 
of labor and care ; while the diamond comes ready formed 
from the hand of nature, and will last for many years. 

MANUFACTURE OF FLINT-GLASS OK CRYSTAL. 

This branch may be deSned the art of forming useful and 
ornamental articles of glass, and is the most ancient depart* 
ment of glass manufacture. The manipulatory processes 
have scarcely been varied and only slightly extended since 
the earliest times. The progress of chemistry has supplied 
purer materials but introduced few new ones. Thus we find 
that baryta has replaced the lead, and soda the potash in 
ancient glass, while in the production of colored glasses purer 
and additional metallic oxides are used. Yet this art has 
shown less tractability in the hands of the improver than per- 
haps any other industrial art. 
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The bestfliat-glMS or crystal is compoied of silica, potash, 
and lead, the average proportion beine one-half sand, one- 
third red lead or litharge, one-sixth carbonate of potash, and 
a little saltpeter, manganese, and white arsenic to correct 
and improve the color or accidental impurities of the other 
materials. For inPerior glass, or ^^ tul metal " as it is tech- 
nically called, soda is substituted for potash, and baryta for 
lead or litharge. In still cheaper '^ metal " for common smaH 
phials or bottles, a mixture approximating that for window- 
glass is used. For optical purposes the proportion of lead is 
increased to improve the refractive properties, which increase 
in proportion to the density of the medium. The specific 
gravity of the metals varies from about S*6 to 2*5. 

The furnaces employed are generally circular, and contain 
eight or ten pots. The *^ found," as the period of melting 
the materials is termed, commences generally on a Friday 
evening. The materials or ^^ batch," and a portion of broken 
glass or *^ cullet" being mixed together are gradually intro- 
duced into the heated pot. The grate is in the center of the 
furnace, and there are flues at the back of the piers between 
the arches. As the batch melts there is a considerable evo- 
lution of gases, which at length subsides, when the metal 
begins to ^^ fine" and reaches the ^^ crisis." It is then cooled 
until about the consistency of thick honey. The evolution 
of the gases disperses air-bubbles through it ; and the glasfr- 
maker endeavors so to regulate the heat of the furnace that 
the bubbles may rise to the surface, burst, and leave the metal 
plain and fine, but if the heat be continued beyond the crisis, 
the quality of the metal is deteriorated. For some time after 
the greater part of the gas has escaped, little bells or beads, 
technically called '^ seeds," rise and are extricated more freely 
by agitation or alteration of temperature. If the metal be- 
comes solid while these bubbles are rising, it retains them, 
and if the '^ crisis " is not quickly passed, although the seed 
may be overcome by long-continued fusion, yet bad color and 
other defects arise. Strings and striae, which upon close ex- 
amination may be found in nearly all glass, are very common 
and troublesome. They may be caused by improper mixing 
of the materials, separation in the pot of metal of di£ferent 
densities, large grains of sand or pieces of refractory clay. 
But as strings and striae in clear ice give pure water when 




n glnas, mechanical rather thin cbemical meani 

1 led for tbeir preventioQ and cure. For cpdcd 

BB Bontemps has carried out the recommendation of Fan- 
r, and b; systematically stirring the Quid ^laes has neailj 
icuuced the manufacture of optical glass for large lensea to a 
certainty. 

Crystal glass is popularly called colorless, but a practiced 
eye quickly detects coIt "hich is more readily perceptible 
in the mass. It is p 'lint even pure silica, oxido of 

load, and carbonate of puiu... not produce colorless glM>^ 

but that there is a color proper lu glass as there is to air mi 
vater. But the main causes of c >]or in crystal are alight in^ 
purities, consisting of the oxides i>f iron or compounds of sol' 
phur or carbon. A large excess )f lead gives a yellow color 
—the oxides of iron, orange or olive-green Unts, and com- 
pounds of sulphur or carbon, orange or blue. The peroxida 
of iron gives orango of a light tint, compared with the olive- 
green produced by the same quantity of the protoxide of 
iron. Tlie addition of the black oxide of laangancso or of 
saltpeter, yirodiices purjile, jiorfxidizt's tlio P\ide of iron, 
and, combined, forms what is called white, but pracUcallyan 
approach to black, and by a large dose of these materials 
glass of opaque blackness may be produced. Saltpeter also 
peroxidizes the iron, and heightens the color due to manga- 
nese. Purity of materials is essential to success, and oxide of 
naogaDese was formerly called glass-makera' soap ; but al- 
though it reduces the color arising from iron, it does not an- 
nihilate it. Glass rendered colorless by manganese becomes 
pink by exposure to the direct rays of the sun, and if too 
much is used in the " batch" the metal is rendered pink, and 
]b called high-colored. Glass with too little manganese has 
a " low color." The high color may be reduced by the de- 
oxidizing agency of a pole of wood, with which, in such case, 
the metal is stirred. Some of the high color is lost in the 
annealing, and thick vessels remaining long in the "leir" or 
oven lose more than the tight articles which are passed quickly 
through ; therefore to obtain equality of color, the metal for 
thick goods must be highest colored. Arsenious acid Is also 
employed as a corrective of color. Sulphur is a powerful 
agent in coloring glass. Sometimes a pot of metal foams 
vhile melting and is of a dark amber or orange color,, which 
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oeearionally it Tetains when cool, or at \>ther times cbsDges 
to the light blue tint of the common soda-water bottle. Both 
tints are caused by the presence of sulphur, the orange by 
the larger quantity. One part of sulphur to two hundred of 
glass produces a dark color ; hence, by adding a sulphuret 
to the melted metal the tints can be deepened at will. Split- 
gerber shows that glass containing one of sulphur in three 
hundred of glass becomes at a moderate low red heat nearly 
black and opaque, but becomes more transparent at a higher 
temperature. Similar changes are produced by heat on sul- 
phur in its pure state. At its melting-point it is lemon yel- 
low ; at higner temperatures it becomes orange, and gradually 
deepens nearly black, and at a still stronger heat is volatil- 
ized in yellow vapors. Similar results are obtained with 
glass colored by gold, silver, and copper ; glass colored by 
sulphur takes a deeper stain from silver than other glass, but 
if overheated becomes a light greenish-yellow on the reverse, 
and dark chestnut on the obverse, and is rendered useless. 
In Bohemia, glass consisting only of potash, silica, and lime 
is stidned of a bright scarlet color by copper : the process is 
not followed in Britain, probably in consequence of British 
glass always containing lead or soda. 

The metallic colors used for flint glass are cobalt for blue ; 
chromium or a mixture of iron and copper for green ; manga- 
nese for purple ; copper for deep scarlet or light blue ; gold for 
crimson; antimony or iron for yellow; uranium for topaz. 
Glass colored by the oxide of uranium exposed in a dark room 
to the dim light of the electric Aurora becomes translucent 
and illuminated throughout, and is partially so when exposed 
to the hydrogen flame. White enamel is obtained by the ad- 
dition of the oxides of arsenic, tin, fluor spar, or phosphate of 
lime, and colored enamels are produced by adding the appro- 
priate metallic oxides. 

In the manipulation of the glass the men are arranged in 
sets of four, called chairs, and there are generally four chairs 
to a furnace. The principal workman of each chair is called 
the gaffer J the second the servitoTy the third the foot-maker ^ 
and a boy completes the set. The wages of these men vai^ 
(in Great Britain) from 60«. to 20«. per week. The work is 
heavy, and requires such skill and dexterity that few first-class 
workmen are found. The men work in six-hour shifts, there 




Five Bi,ack Artb. 

»T plcte double set. The first operation of the glaa^ 
iS U> skim the metal, ss most impuiitiea float on iu 

ace, snd this IB done with an iron rod heated at its estreo- 
and dipped into tlie metal, a litilo of which adhem. 

a is flattened on an iron plate and repoatedljf introduced. 

dually growing larger until it gathers and removes all tba 

ting matter from the surface of the metal. The operation 
VI making cr.ystal articles then goes on as follows. 

An iron tube is heated at the end and dipped into tlit 
ni-Biiid metal, a poiiion of which is collectea, withdravc 

n the pot, and then rolled on an iron plate called 
marver, until it has acquired a circular shape. The 

■ver also equalizes the heat of the gathering, which ih* 

J tiihe cools and stiffens, and which requires to be e<jii»ll/ 

;lile in all its parts. The eervitor now prepares a po»t, ta 
lattened round hot lamp of metal on a punt^ or iron rod 
IS called, and applies it to the end of the globe. The tno 
masses of glass are thus united together, nml that attached to 
the hollow tnhe is separattd hy touching it. near to where the 
tube enters the globe, with a small piece of iron wetted with 
water. B; this means the glass cracks, and a smart blow on 
the iron tube completes the disunion. The workman now takes 
the puntj from his assistant, and laying it on his chair 
arm, rolls it backward and forward with his left arm, while 
with his right he moulds it into the various shapes required, 
by means of a very few simple instruments. By one of these 
called a procello, the blades of which are atucbed by an 
elastic bow hke a pair of sugar tongs, the dimensions of the 
vessel can be enlarged or contracted at pleasure. Any aupei^ 
fluous material is cut away by a pair of scissors. For emootb- 
ing and equalizing the sidesof the vessel a piece of wood is used. 
After the article is finished it is detached from the putity and 
carried on a pronged stick to the annealing oven or leir. 

For a fluted or ribbed cant, as a solid glass rod is techni- 
cally called, the metal is forced into a mould of the requisite 
shape and then withdrawn ; after which, if attached to an- 
other pott and the two punties be twisted and drawn in oppo- 
site directions, the ribs become spiral lines, which become 
more acute as the drawing is extended. Venetian filigree 
work is produced in this way ; and if in the hollow flutes of 
the mould colored ^lass or enamels are inserted, and the gath- 
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ering introduced, the colored glass or tnamels are welded 
to aiid withdrawn with it. When again heated, and twisted 
or drawn, these streaks of color or enamel become spiraU and 
ornament the surface. If before being drawn the mass be 
redipped into the pot of crjstal glass and then twisted, the 
spiral lines of color or enamel become internal. Bj the rep- 
etition of this process spirals can be formed within spirals, 
and by placing these filigree canea side by side and welding 
them together, very curious and intricate patterns are ob- 
tained. By the ordinary process of blowing, vessels are form- 
ed with smooth and concentric interior and exterior surfaces, 
and do not exhibit the brilliancy of the crystal so much as 
when it has numerous inequalities. The most brilliant effect 
is produced by cutting, but moulding is much cheaper, and 
this branch of the art has now reached a high state of excel- 
lence. The moulds are generally of iron highly polished, and 
kept a little below a red heat. The surface of the metal is 
injured by contact with the mould, but its transparency is re- 
stored by being reheated. A very exact regulation of the 
temperature is necessary in reheating fine moul ings ; too 
little heat does not give the ^^fire polish," too much softens the 
metal and obliterates the mouldings. The moulds for pressed 
goods are made in pieces so hinged or connected as to close 
and leave a vacuity, the form of the article required, the hol- 
low in which is not however produced by blowing but by the 
plunger of the press under which the mould is placed. The 
required quantity of metal is then dropt in, when the plunger 
descends and forces it into all parts of the cavity, completing 
the formation of the article, which is then stuck to a punty,' 
and fire-polished and annealed. 

What is called cased glass is crystal covered with coats of 
colored glass. It is thus obtained. The gathering of crys- 
tal is thrust into a colored or enameled shell, which is previ- 
ously prepared. The welding is completed by reheating; 
and two or more coats of different colors or enamels may 
thus be employed. When cut through to the crystal in vari- 
ous figures, the edges of the different colors on enamel are 
seen. 

The Venetian frosted glass is obtained by immersing the 
hot metal gathering in cold water, quickly withdrawing it, 
reheating and expanding it by blowing, before it becomes so 
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a to V eld togStber the numerous cracks on the 8urf»« I 

aed by the cold water. These cracks only penetnUe 

are the metal has been cooled by the water, and remm 

depressions until the article is finished. 

Venetian vitro-di-trouo conBiata of spiral lines of enam^ 

colors, crossing each other diamond- wise, in tlie bodycJ 

glass, and inclosing an air-bubble in the center of each 

mond. It is thus formed ; gatliering is blown in the 

■■"■uld with the necessary cane, twisted and blown oot u 

nerly described for spira' •> jree, the canca being left 

jecting from the outside riba or flutes. A similu 

le ia made and turned insiue >iut. The projecting cancfl 

this piece are on the inside, i d the spiral lines reversed, 

t one piece ia then placed u ler the other, and both are 

iicled together. The ribs or flutes projecting from the two 

.f faces in contact inclose air in thi; diamonds, which gradually 

Hssumea the bubble shape. The vessel is then formed in ti« 

ordinary manner. The most beautiful regularity of lin^ is 

thus obtained ; and when the enris are closed by the procellos, 

the lines are drawn to a center as regularly arranged as 

if they had been turned in an engine. 

Incrustations are formed by placing the substance to be 
incased on the surface of the article and dropping melted 
metal on it, or by preparing an open tube of glass, inserting 
the object, and welding the open end. By suction instead 
of blowing, the metal ia collapsed on the object, and the ur 
withdrawn. From the unequal contraction between the ob- 
ject and the crystal by which it is surrounded there ia much 
difEculty in the annealing, and to avoid the risk of breakage 
the object should be made of materials expanding and con- 
tracting like the glass itself. 

The round, heavy paper weights containing various oroa' 
ments apparently in the body of the metal are made as 
follows: Canes are made to the required pattern — say, for 
example, a star within a tube. A gathering of whit« enamel 
is formed in a star-shaped mould, and coated with crystal. 
After this is marvered, it is dipped into a colored enamel, and 
drawn out into a cane ; and if this is covered with crystal, 
the eye cannot detect the junction of the external crystal with 
that of the cane, but the enamel casing wilt appear as a tube 
with the star standing in the center. Devices of nomeroiu 
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Idndf are Urns made in canea, a&d tibeli welded together. 
The end is then ground, and afUgr being heated and itcaaed 
in Cfyatal, the lena-like ahape of the paper weighta adda to 
the eflect by jnagjpif jing the incmated oanea. 

The li{^t-refractinff propertiea of crystal are best ahown 

. by enttfaiff and pdi&ng. Stones of Tarions textures, or 
vood, sand, or emery, in water, are nsed with the metal mills, 
water only with the afames, and pamioe- atone and pntty-pow- 
der with the wood ibr smoothing and polishing. The articles 
are held in the hand, and applied to the mH while rotating. 

. The pnnty marka are ground off tumblers, wine-glasses, and 
auch like, by boya holdmg them on amall atone mills. Oround 
€ft frostea glaaa ia m^ by rubbing the aur&ce with sand and 
water. Iron toola fixed on a lathe and moistened with sand 
and water are uaed to roueh out the stoppers and necks of 
bottles, which are completed byhand with emery and water. 
Hie neighborhood of the ooanelds is of course the chief 
seat of the manufacture, and probably the best crystal of 
Great Britain is now made in Manchester. 

BOTTLEM^LASS. 

The common green or botUe-glass is made of the coarsest 
materials ; sand, lime, aometimes clay, any kind of alkali or 
alkaline ashes, whose cheapness may recommend it Id the 
manufacturer, and sometimes the vitreous slag produced from 
the fuuon of iron oro. The mixturo most commonly used 
18 soap maker's waste, m the proportion of three measures to 
one measuro of sand. The green color of this glass is occi^ 
aioned by the existence of a portion of iron in the sand, and, 
it may be, also in the yegetable ashes of which it is composed. 

When castor-oil or champagne bottles are wanted, a por- 
tion of crown-glass cullet ia added, to improve the color. 
The impurity of the alkali, and the abundance of fluxing 
materials of an earthy nature, combined with the intense 
heat to which they are subjected, occasion the existence of 
but a very small proportion of roal saline matter in the glass, 
and thereby render it better than flint-glass for holding fluids 
possessing corro^ve properties. 

The soap-maker's waste is generally calcined in two coarse 
arches, which are kept fkt a strong red heat from twenty-four 

16 
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to thirty honra, the time required to melt the materiab UJ 
work them into glass, which is termed a journej. Aft«rllie 
Boap-maker's wasle is taken out of the arch, it is ground ami 
mixed with sand in the proportions already mentioned. The 
mixture is put into tlie fine arches, and again calcined dnriLg 
the working journey, which oceupiea ten or twelve boon- 
more. When the journey 19 over, the pots are ngain fiiW 
with the red-hot materials out of the fine calcining artli- 
8ix hours are required to melt this additional qoanti^rf 
materials. The pots are again filled np, and in about fair 
hours this filling is also melted. The furnace is then kept >t 
the highest possible degree of heat, and in the courBC of from 
twelve to sixteen hours, according as the experience of the 
founder may determine, the maleriala in the pots are foniKd 
into a liquid glass fit for making bottles. The furnace is no» 
checked by closing the doors of the cave, and the metal cool- 
ing, it becomes more dense, and all the esfraoeoua matter 
not formed info glass floats upon the top. Before beginning 
to work, this is skimmed off in the way already described in 
our account of crown-glass making. A sufficient quantity 
of coals is added at intervals, to keep the furnace at a work- 
ing hent till tlm journey is finished. 

After the pots have been skimmed the pereon who begins 
the work is the gatherer, who, after heating the pipe, gathen 
on iPa small quantity of metal. After allowing this to cool 
a little, he again gathers such a quantity as he conceives to 
be sufficient to make a bottle. This is then handed to the 
blower, who, while blowing through the tube, rolls the metal 
upon a stone, at the same time turning tho neck of the bottle. 
He then puts the metal into a brass or cast-iron mould of the 
shape of the bottle wanted, and, continuing to blow through 
the tube, brings it to the desired form. The patent mould 
now in use is made of brass, the inside finely polished, divided 
into two pieces, which the workman, by pressing a spring 
with his foot, opens and shuts at pleasure. The blower then 
hands it to the finisher, who touches the neck of the bottle 
with a small piece of iron dipped in water, which cuts it 
completely off from the pipe. He next attache.i the punty, 
which is a little metal gathering from the pot, to the bottom 
of the bottle, and thereby gives it the shape which it usually pre- 
sents. This punty may be used for f»om eighteen to twenty- 



Glass — Bottlb. 



248 



1 • 

fonr dozen of bottles. It is occasionally dipped into gand to 
prevent its adhering to the bottlet The finisher then warms 
the bottle at the furnace, and taking a small quantity of nietal 
on what is tfirmei a ring iron, he turns it once round the 
month, forming the ring seen at the mouth of bottles. He 
tiien employs the shears to give shape to the neck. One of 
the blades of the shears has a piece of brass in the center, 
tapered like a common cork, which forms the inside mouth ; 
to the other is attached a piece of brass, used to form the 
ring. The bottle is then lifted by the nedl on a fork by a 
fittle fellow about ten years of age, and carried to the an- 
nealing arch, where the bottles are placed in bins, abave one 
another. This arch is kept a little below melting heat, till 
the whole quantity, which amounts to ten or twelve gross in 
each arch, is deposited, when the fire is allowed to die out. 
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PROCESS OF MAKING GASLIGHT. 



GAS-LIGHT. 



Light, whether obtained from natural or artificial soarces, 
is 80 necessary for the correct and successful execution of 
almost every operation of human industry, that whatever is 
calculated to simplify the means of procuring it, or to in- 
crease its intensity, cannot fail to be attended with the most 
beneficial consequences to civilized society. For every pur- 
pose to which it is applied, it must be admitted that the light 
of day, when it can be enjoyed freely and without interrup- 
tion, is by far the most suitable ; but in large and crowded 
cities, as well as in situations less favorable in point of climate, 
where the sun is sometimes shrouded for days together in 
dense and impenetrable clouds, it becomes expedient to com- 
pensate for the absence of his rays by artificial substitutes, 
which, however inferior in brilliancy and general usefulness, 
may nevertheless answer sufficiently well in those cases where 
a less ample supply of light is requisite. 

Some substances, denominated phosphareseentj have the 
property of absorbing the solar rays, on being exposed for a. 
short time to their influence, and of emitting the light which 
they thus imbibe when they are afterward placed in the 
dark ; but the feeble and transient illumination which they 
shed, though sufficient to indicate their luminous condition, is 
totally unfit to afford such a supply of light as is necessary 
for conducting any of the operations of art, which require 
care and precision M their performance. 

There are, however, a variety of inflammable substances, 
both of animal and vegetable origin, which, during the process 
of combustion, give out light as well as heat ; and hence, 
from the earliest periods of human society, it has been 
customary to bum substances of that description for the pur- 
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pose of Dbtainiog ertificiat light. Tlieeo substances, whidi V 
■were generally of a fatty or oleaginous nature, are compo«tlU 
chiefly of carbon and hydrogen. When they are expoacd U l» 
B certain high temperature, they are resolved into some of " 
the compound gases which result from the union of these ele- 
ments, particularly carburotted, and bi-carburetted hydrogen, 
or ole&ant gas, both of which are highly inflammable, and 
yield, during tbeir combustion, a fine white light. In orda 
to facilitate the decomposition, and to carry on the combn»< 
tion withdtieeconoiiiy,aquanlity of some fibrous substance, ta 
the form of a wick, is connected with the oleaginous matter, 
for the purpose of causing it to burn slowly and effectually. 
Accordingly, if the flame be suddenly extinguished, the in- 
flammable gas which is formed by the decomposition of the 
matter in immediate contact with the wick is observed to 
escape from it, and may be again set on fire by tho applica- 
tion of a lighted taper. 

When it is required to convey from place to place the light 
obtained from these sulstaTicPS, no arriingeraeut 13 found to 
be more convenient for their d«composition than that which 
is effected by means of the wick ; but if the light is to re- 
main in a permanent position, it will frequently be more ad- 
vantageous to resolve the oleaginous matter into gas, and then 
to transmit it, in that state, through pipes, to the various 
points where it is to be consumed. 

Although the different substances which have been used 
from the earliest times fofyielding artificial light have always 
been actually resolved into gaa before they underwent the 
process of combustion, that fact was entirely unknown until 
pneumatic chemistry unfolded the properties of the aerial 
bodies, which perform so many important functions in the 
economy of nature, as well ^s in the processes of the arts. 
It was then discovered that hydrogen, one of the component 
parts of water, was a highly inflammable gas, capable of 
being produced under a great variety of circumstances: from 
vegetable matter decaying in stagnant Vater, forming what 
is called light carburcttcd hydrogen, a stream of which, when 
ignited, produces the natural phenomenon known as " ignia- 
fatuus, or WiU-o' -the- Wisp :" from coal, oils, and fatty sub- 
stances, when, in combination with larger proportions of 
carbon, it forms gases of high illuminating powers. The use 
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Ijf gfi for the porpcM of illanunation is therefore of recent 
Hkte ; but although late m its origin, the soccesaive improve- 
Bente which the invention haAeceived, and eontinues to re- 
fliiTe, from the joint labors W chemists and practical enri- 
\ Beers, have tended greatly to amplify the processes for 
I nodacing the gas, and for improving its quality and means of 
[■ tsliihiifion* 

^in many parts of the world there are certain deposits ef 
>l0am or naphtha which furnish gaseous matter; and 
issuing from some fissure in the earth, becomes ignited 
fig)htning or some other cause, and continues to bum for 
Icmg period. Such a flame is regarded by an ignorant 
people with superstitious reverence, and has been sufficient to 
fmnd a reli^ous sect of fire-worshipers. Deposits of coal, 
ot of Intuminoua schist, sometimes furnish the gaseous matter . 
for such flames. The practical Chinese, about thirty miles 
from Pekin, are said to make use of this gas in the boiling 
and evaporating of salt brine, and for lighting their streets 
and houses.* ^* Burning fountuns," as they are sometimes 
called, are not uncommon, and their ori^n is the same. In 
1851, in boring for water on Chat Moss, on the line of rail- 
way between Manchester and Liverpool, a stream of gas 
•addenly issued up the bore, floated along the surface of the 
ground, and caught fire on the application of flame. A pipe 
was inserted into the bore, and a flame eight or nine feet long 
was thus produced. 

In 1667, Mr. Shirley describes mthe Philosophical Trans- 
acti<ms of the Royal Society a burning spring in the coal dis- 
trict of Wigan in Lancashire : he traced its origm to the un- 
derlying bras of coal. In 1726, Dr. Hales, in his work on 
Vegetable Staiiee^ gives an earoeriment on the distillation of 
coal, bv which it appears that 158 gnuns of Newcastie coaT 

Jielded 180 cubic inches of inflammable air. In 1788, Sir 
ames Lowther sent to the Royal Society specimens of in- 
flammable air from a coal-mine near Whitehaven. The gas 
was collected in bladders, and a number of eiperiments were 
tried on it. 

It appears, however, that the Rev. John Claytcm had per- 
formed some experiments on the distillation of ^ieoal some' 
years previous to the publication of Dr. Hales's book ; but 

* So do the practicsl Amerieant. 



250 FiTB Black Akts. 

be (lid not publish an account of them tuitil 1739, and tUt 
account consists of an extract from a letter written bj ClajF> 
ton to the IIoQ. Robt. Boyle, who died in 1691, and vu 
probablj written soiaetimo before this year. It is inserted ii 
the Tracsactiona of the Royal Society for the year 1739; 
and is probably the earliest evidence of the possibility of <x- 
trncting from coal, by means of heat, a permanently elutie 
fluid of an infiammablo nature. We shall therefore give ike 
sccountol the diacoveryinhisowii words: Having introduced 
a uitaiitity of coal into a retort, and placed it over an apea 
, ho states that " at first there came over only phlegm, 
rward a black oil, and then likowiso a spirit arose which 
■rtuld noways condcnso ; but it forced my lute, or broke my 
W8. Once when it had forced my kto, coming cloee 
»ti) in order to try to repair it, I observed that the dpirit 
issued out caught fire at the flame of the candle, and 
uuiiuiiiied burning with violence as it issued out in a etreaoi, 
which I blew out and lighted again alternately for several 
times. I then had a mind to try if I could save any of this 
S]jiiit; in oidor to wliich I took a turbinated receiver, and 
putting a candle to the pipe of the receiver whilst the spirit 
arose, I observed that it catched flame, and continued bars- 
ing at the end of the pipe, though you could not discera what 
fed the flame. I then blew it out and lighted it again several 
times ; after which I fixed a bladder, squeezed and void «f 
air, to the pipe of the receiver. The oil and phlegm descend- 
ed into the receiver, but the spirit still ascending, blew up 
the bladder. I then filled a good many bladders therewith, 
and might have filled an inconceivable number more ; for the 
spirit continued to rise for several hours, and filled the blad- 
ders almost as fast as a man could hava blown them with his 
mouth ; and yet the quantity of coals I distilled were inctm- 
eiderable. 

" I kept this spirit in the bladders a considerable time, and 
endeavored several ways to condense it, but in vain. And 
when I had a mkid to divert strangers or friends, I hare fre- 
quently taken one of these bladders, and pricking a hole 
therein with a pin, and compressing gently the bladder near 
the flame flC a candle till It once took fire, it would then con- 
tinue fladaing till all the spirit was compressed out of the 
bladder ; which was the more surprising because no one 



Gas — MANCFiCTURB. 251 

I could descem any difference in Ibe appearance between tbcae 
f bladders and those yrlnch are 61kd with common air." ' 
I It is evident from this narrative, related with so much sitn- 
p plicity, that an accident which happened to Mr. Clayton's 
I apparatus was the means of leading to the discovery of coal- 
) gas ; but it does not appear that he or any other individual 
I thought of applying the discovery to any practical parpoee 
until the year 1792, when Mr. Murdock, who then resided 
at Redruth, in Cornwall, commenced a series of experiments 
upon the properties of the gases contained in different sub- 
stances. In the course of bis researches he found that the 
gas obtained by the distillation from coal, peat, wood, and 
other inflammable substances, yielded a fiue bright light during 
its combustion ; and it occured to him, that by confining it in 
proper vessels and afterward expelling it through pipes, it 
might be employed as a convenient and economical substiute 
for lamps and candles. 

Mr. Murdoch's attention to the subject having been inter- 
rupted for Borne time by his professional avocations, be re- 
sumed the consideration of it in 1797, when he exhibited 
publicly the results of his more mature plans for tbe prepa- 
ration of coal-gas. The following year (being then connected 
Tvitb Messrs. Boulton and Watt's engineering workshop), he 
constructed an apparatus at the tioho foundery for lighting 
that establishment, with suitable arrangements for the puri- 
fication of the gas ; and these experiments, Br. Henry states, 
*' were continued with occasional interruptions until the epoch 
of the peace in 1S02, when the illumination of the Soho man- 
ufactory afforded an opportunity of making & public display 
of the new lights ; and they were made to constitute a prin- 
cipal feature in that eshibitian." 

In this brief sketch of the progress of gas-lighting, it may 
be noticed that the Lyceum theater in London was lighted with 
gas in the course of the years 1803-4, under the direction of 
Mr. Winsor, who is entitled to no small commendation for the 
warm interest which he took in drawing the public attention to 
the subject ; and in 1804-5 Mr. Murdoch had an opportunity 
of carrying his plans into effect on a still larger scale, by means 
of tbe apparatus erected under his superintendence! ^ ^^^ ^'' 
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tton mills of Messrs. Philips Mid Son of SlaDcbes- 

een alleged that gBs-lighti were used in Franc* 
3j wore known in this country ; but aa the earliest 

uu of these lights, on which the cl^m of priority of 

ivery is founded, took place at Paris in 1802, it is en- 

Vom the foregoing statements, that the exhibition alln- 

<r33 ten yeare BubHci.|ue'>i. to the first experiments of 
rdoch on the subject, 
ine practicability of light hy means of coal-gas haviiig 
been demonstrated by Mr. ] i' och, a OHmber of sciendGe 
men applied thcit talents to w urther development of (ba 
art. Dr. Ilcnry, the celobra chemist, lectured on the 
subject in 1^04 and 1805, and irniehed many hints for the 
improvement of the manufacture. Mr, Clegg, an engineer 
in the employment of Boulton and Watt, was a worthy suc- 
cessor of Murdoch, and for many years was the most eminent 
gas-engineer of this country. A good deal of the machinery 
of the gas-house in its present fnrm was contrived hy Mr. 
Clegg, and to him also we are indebted for the ingenious wet 
gas-meter. In 1813 Westminster bridge was first lighted with 
gas, and in the following year the streets of Westminster 
were thus lighted, and in 1816 gas became common in Lon- 
don. So rapid was the progress of this new mode of illumi- 
nation, that m the course of a few years after it was first in- 
troduced, it was adopted by all the principal towns in the 
kingdom, for lighting streets as well as shops and public edi- 
fices. In private houses it found its way more slowly, partly 
from an apprehension, not entirely groundless, of the danger 
attending the use of it ; and partly, from the annoyance 
wbicb was experienced in many cases, through the careless 
and imperfect manner in which the service-pipes were at first 
fitted up. These infeonveniences have been in a great meas- 
ure, if not wholly, removed by a more enlarged knowledge 
of the management of gas ; and at present there are few 
private houses Hi large towns which are not either partially 
or entirely lighted up by it. As the demand for gas in- 
creased, various improvements were from time to time intro- 
duced bothin the mechanical arrangements, and in the chem- 
ical operations of the manufacture. The rapid increase in 
the population of the metropolis, and of all lai:ge towns, has 
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naturally led to dHJMreased consamption of gas, and the 
application of gas W%ie purposes of warming and cooking 
has also farther increased tht demand for it. Hence it has 
been not only necessary that new gas-works should be erect- 
ed, for the supply of new districts, but that the resources of 
<dd works should be enlarged. It is only a few years ago 
that a gas-holder capable of storing 250,000 cubic feet of 
gas was regarded as of enormous size ; at the present time, 
gas-holders are made of double that capacity, and we occa- 
sionally hear of them of the capacity of npwiri of a million 
cubic feet. There is one such at Philadelphia ; it is 140 
feet in diameter and 70 feet in height. Nor will such di- 
mensions as these be regarded as superfluous when it is stated 
that some- of the large metropolitan works send out each from 
a million to a million and a half cubic feet of gas in one night 
in mid-winter.* The Westminster gas-works alone are ac- 
customed to supply as much as five millions cubic feet of gas 
in one night from their three stations. 

Of the Site and general Arrangement of the Apparatus for 
the Production and Purification of Coal- Oat, 

In describing the site and general arrangements of a gas 
establishment, it is not easy to give directions respecting 
points which must be regulated in every case by circumstan- 
ces of a local nature ; but when a choice of ground is in our 
power, a spot ought to be selected having a central situation 

* A few years ago Mr. Hame, in the House of Commons, moved for a 
return, which has been published under the following title :— " Return or 
statement from every ga8 company cstabliehed b^ act of parliament in the 
United Kingdom, stating the several acts of parliament under which estab- 
lished, the rates per 1000 cubic feet at which each company or corporation 
have supplied gas in each of the three years sinilb 1846 to 1849, and the 
average prices of the coals used by the companv in each year for the same 
period ; also stating the amount of fixed capital invested by each gas com- 
pany, and the rate per cent of dividend to the shareholders or proprietors 
on their shares in each year since that date (in continiq|ion of Parliament- 
ary Paper No. 734 of Session 1847).'' It appears from this document that 
the Gfteen companies in London charged at the rate of 69. piT 1000 cubic 
feet of gas, with the exception of the City of London Company, which 
charg>d only As. with coals at 155. dd. per ton. The highaftt rate is 10«. 
per 1000 feet, cbargtrd at Inverness, with coals at 24«. 4d. per ton. Bury 
St. Edmunds clmrged Ss, 4d!., with coals at lOs. GJ. Birmingham has rates 
of Ss. and 3s. 4Jc/., with coals at 15s. per ton. 
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i to the buildings, streets, etc., which aro to ht 
ith li^ht, and standing as nearly aa possible OQi 
-el with them. When the manufactory is ^vti 
biy below that level, the gaa is apt to be propeBd 
wo much velocity through the burners ; and nba 
ve it, an opposite inconvenience is experienced, the gu 
ig in that case nocesaarilv Bubjected to an extra preMure, 
~f>ich the coanco of ;h ; through any imperfection 

pipes is proportiuuuii" M Teaseii. Of the two eviU, 
ore, the least objectioi !e is that in which the eittii- 
of a gas-work is below lae ean level of the streets. 
ut besides the conditions fai able to an equable and ti»- 
D distribution of the gar -' '."e different points to wMeh 
nn,y bo conducted, there ' her considerations scarcely 
niportant, which in selei i proper site for the erectim 

Lueestablishmcntougbtnokio uudisregarded. Amongtbese 
may be reckoned a regular supply of wafer for the varioni 
manipulations of the work ; and facility of access for ihc 
delivery of cual and the removal of the coke, tar and othtir pw- 
ducts of the diBtillation. Railways are now bo common thtt 
tbcy are often as valuable to a gas-work as the vicinity of 
navigable water. In the Central Gas-consumer's works ■[ 
Bow Common, which were laid out under the skillful scientiEc 
direction of Hr. Croll, a branch railway ia connected willi 
the lines which supply the coal, and is actually conlinaed 
into the retort-bouse, so that the coal wagons only arrive at 
their final destination at the mouths of the retorts which are 
to be fed. But in fixing the situation of an establishment 
which is professedly erected for the public bene&t, the comfort 
or the interest of individuals ought not to be entirely over- 
looked ; for although a gaa-work may nut prove, under proper 
management, a nui^nce, it can never be considered to be 
any advantage to the neighborhood in which it is placed. 
The apparatus for the production and purification of coal- 
gas consists, inJhe first place, of suitable vessels for decom- 
^ posing by heat^e coal from which the gas is to be procured ; 

secondly, of a series of pipes for conveying off the gaa, and 
conducting it into proper receptacles, where it may be sepa- 
rated from the grosser products, which tend to impair the 
, brilliancy of the light ; thirdly, of the condensing apparatus, 
for removing tnore efiectually the tar and other coadensable 
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tmbstances that com^mrer with the gas ; fourthly, of the pa- 
rifying apparatus, for abstracting the sulphuretted hydrogeiu 
carbonic acid, etc., by which the gas is contaminated, and 
'which if allowed to remain, would be injurious to the gas-fit- 
tings, to the books and furniture of rooms, or to the health 
of the consumer ; and, fifthly, of the gasometer or gas-holder, 
with its tank, into which the gas is finally received in a puri- 
fied state. 

Of the Retorts y or Vessels for decomposing the Coal. 

The vessels employed for the decomposition of coal and 
other substances capable of yielding carburetted hydrogen, 
by their destructive distillation, are formed of cast-iron, of 
clay, of brick, or of wrought iron, and are termed retorts. 
Various shapes have been adopted in the construction of these 
vessels ; nor have their forms been more varied than the 
modes in which they have been disposed in the furnaces 
erected for their reception. In many instances they have 
been constructed of a cylindrical shape, varyins in length 
and diameter. Those first employed were placea with their 
axis in a vertical direction ; but experience soon showed that 
this position was extremely inconvenient, on account of the 
difficulty which it occasioned in removing the coke, and other 
residuary matters, after the coal had been carbonized. At- 
tempts were made to remedy this inconvenience, by enlarging 
the size of the retort, and introducing the coal inclosed in a 
proper grating of iron, having the form of a cage. The in- 
creased dimensions of the retort, from which the principal 
advantage to be derived from this arrangement was expected, 
were found, however, to present great obstacles to the com- 
plete carbonization of the coal ; for although the disengage- 
ment of gas during the first stages of the process was suffi- 
ciently copious, it diminished rapidly the longer the distillation 
was continued, in consequence of a crust of coke being formed 
next to the heated metal, which not only opposed the trans- 
mission of the heat to the internal mass of coal, but gradually 
prevented, by its accumulation, the extrication of the gas from 
the undecomposed portion of it. 

The retorts were, therefore, next placed in a horizontal 
position, as being not only more favorable to the most econom- 
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ioal dutribution ot the heat, but better adapted to tb« iat» 
duction of the coal, and the subsequent removal of tlte coIm, 
atler the carbonization was carried to a due extent. At bt 
the heat was applied directly to the lower part of the retort; 
but it waa soon observed that the high temperature to wluA I 
it waa noeessarv to espo3e it, for the perfect decompositioa tf 1 
the coal, proved destructive to it, and rendered it useless long i 
before the upper part had sustained much injury. The uei 
improvemcDt was, accordingly, to interpose an arcb of bnck- 
work between it and the furnace, and to comneriBate for lb* 
diminished intensity of the heat by a more dinuacd di^triliD- 
lion of it over the surface of the retort. This wa9 eSeoted | 
by causing the flue of the furnaco to return toward the moutk 
of the retort, aud a^ain conducting it in an opposite directira, i 
till the heated wr finally escaped into the cbiuimoy. 

ThiR arrangement continued for a long time in use, and 
seemed to admit of little improvement, unless with respect ta ' 
the shape and dimensions of the retorts. The cylindrictl I 
form has the advanta^^e of possessing great durability, but 
it is not so well fitted for rapid decomposition of the coal (on 
which depends much of the good qualities of the gas) ai 
the elliptical shape. Flat-bottomed or D-shaped retorts 
have also been long in use : the small Ijondon D ia about 12 
inches wide by I2J inches deep, while the York D vazies 
from 20 to 30 inches in width, and from 9 to 14 inches ia 
height. Retorts are also made of a rectangular section, with 
the comers rounded and the roof arched. Elliptical retortg 
are varied into what arc called ear-shaped or kidney- thaped, 
and it ia not unusual to set retorts of different forms ia the 
same bench, for the convenience of filhng up the branches of 
the arch which incloses them. The length of retorts former^ 
ly varied from 6 to 9 feet ; they are now in some cases made 
19^ feet in length and 12} inches in internal diameter, and 
are charged at both ends. 

Iron retorts of from G to 9 feet in length carry a charge 
of from 120 to 200 lbs. of coal, which is usually renewed 
every six hours. Instead of the old method of charging with 
the shovel, which occupies at least half an hour, and entailed 
a great loss of gas, the nliole charge is now deposited in an 
iron ^coop, with a cross handle at the end, and it is lifted by 
three men, pushed into the retort, turned over, and the whole 
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charge deposited at onee, a contrivance which does not occupy 
more than 80 or 40 seconds. Indeed it is not oncommon for 
a bench of 7 retorts to be emptied and recharged in the brief 
space of 20 minates. When square-backed retorts are used, 
the backs are apt to wear much more quickly than any other 
part^ in consequence of the fierce heat which plays upon them ; 
it is therefore sometimes usual to throw in a few shovelfuls 
of coal to the extreme end before depositing the charge with 
the scoop. This occupies more time in charging, but it has 
the effect of preserving the backs. The objection does not 
ap^ to retorts with circular ends. 

Every retort is furnished with a separate mouth-piece, 
oaoally of cast-iron, with a socket for receiving the stand- 
pipe, and there is a movable lid attached to the mouth, to- 
gether with an ear-box cast on each side of the retort for re- 
ceiving the ears which support the lid. The ears hold a 
crossbar through which is passed a screw which presses on 
the lid, and secures it to the mouth-piece. That part of the 
lid which comes in contact with the edge of the mouth-piece 
has applied to it a lute of lime mortar and fire-clay, and 
when the lid is screwed up, a portion of this lute oozes out 
round the edges and forms a gas-tight joint. 

In some cases the screw is got rid of by a more expeditious 
contrivance, in which the ears support an axis, which carries 
a lever formed at one end into a sort of cam, and bearing at 
the other end a ball of cast-iron about 4 inches in diameter. 
On lowering this ball the cam presses with great force against 
the back of the lid, and holds it securely ; and if more force 
be required, a weight can be attached to the iron ball. 

In attaching a mouth-piece to a clay retort, the end is 
notched with grooves for the purpose of holding the binding 
cement more securely. The mouth-piece is attached by 
means of bolts with T heads let into the body of the retort 
Iron cement is used, in which fire-clay takes the place of 
sulphur ; this being spread over the joint, the mouth-piece is 
attached and screwed up. 

The temperature best suited for the production of gas from 
coal, being what the workmen term a bright redj was found 
to be very destructive to the retorts when they were exposed 
to the direct action of the fuel ; and accordingly means were 
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employed to protect them from the rapid oxidation which tber 
eaffund under these circumstances, bj interposing bctwen 
them «Dii the furnace a partition of fire tilea or arched bricb, 
with side flues for the admission of the heated air. 

With the view of occnpying leas room, and saving the ei- 
pense of fuel, several retorts are sometimes set togetliar in 
an oven of brickwork, and heated by a smaller number of ht- 
nnces than there are retorts. ~y this arrangement the fad 
is certainly ecooomized, but th" Ian is hable to the objeetiw, 
that when any one of the rote is worn out, those conaeet 
ed with it cannot bo used tilt tn- faulty one is replaced ; ni 
though various expedients have been proposed for obviatiog 
that inconvenience, none of them can ho said to have efiect- 
ually answered tbo purpose. 

Tho fuel required for carbonizing a given quantity of coal 
may be stated to bo, in general, from one-third to one-fonrlli 
of its weight for Newcastle coal. It is stated, that mitt 
Mr. Croll's method of setting, the carbonization is carried on 
by the combustion of only 12 per cent, of fuel, or that 100 
tons of coal are carbonized by I'J tons of coke. 

Various attempts hare been made to render tho retorts 
moro independent of the laborers. In Mr. Bninton's retort, 
a hopper containing the charge of coal b attached to the 
mouth-piece. The charge is introduced by removing a tHHt, 
and a piston is then advanced for the purpose of poshing iot- 
ward the coal, and ejecting the coke, the latter falling tfarongh 
a shoot at the further end of tbo retort, and thence into ■ 
cistern of water into which the lower end of the shoot dips. 
This retort is not of equal section throughout : it is 15 inches 
'm diameter at the mouth, and 21 inches at the other end, 
the length being 4J feet. The advantages of this amnge- 
ment, independently of the saving of labor, are stud to b« 
an increased production of gas, and a consequent diminntioa 
in the amount of tar, naptha, and ammoniacaJ Uquor, this di- 
minution being stated at 50 per cent, less than the ordinary 
yield of those secondary products. Moreover, a good deal 
of bituminous vapor, and minutely divided carbon, irhicb, 
under the usual arrangement, go to swell the increase of tar, 
become decomposed under the higher temperature o( Mr. 
Brunton's retorts by passing over the red-hot coke, and form- 
ing illuminating gas. Indeed, it is now generally admitted 
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M u asknoin m^maldng, ftat fhe most prodaefive jield of 
M8 IS under a Ug^ tempeiifttiire ; for it is posrible tu|||r loir 
Eette to distil off the tdatile parts of the ooal as bitinnoiis 
vapor only, without any prodnetion of earburetted hydrogen 
gas^ By exposing the eoal in a thin layer to a very highheat, 
listiUar - - 



the diitillation is eieoted most rai»dly and most profitably. 
Mr. Clegg deseribes a retort mto whioh the ooal is introdnoed 
by means of an endless web formed of iron plates, eaoh 2 
net long, and 14 mohes wide, and linked together by iron 
nds. ^e eoal, broken small, is nlaoed in a hopper, to wUeh 
is afifcaehed a feeder with sixra^ projeotions. *Baoh of the 
mx partitions thos formed sopplies snfficient ooal to Go?er one 
plate of the web, with about 120 coMo inohes of oosi to the 
depth of fths of an inoh. The hopper, wlueh oontains 24 
lionrs' ohsorge of ooal, is Inted after each oharge. The end- 
km web is mored Vj paashig over drums, one revolutbn of 
wrUoh every 15 nunutes oon?eys the web through the retort, 
and eifocts the distillation of the eoal. The e^ is carried 
<m the upper sur&ce of the web, and as tiie web turns orer 
the seeond drum the ooke is disoharged by a pipe mto a Tea- 
sel below, and the empty porti(m of the web returns to the 
hopper, and passing over this surface of the first drum re- 
ceives another charge. The charge is so regulated, that about 
100 square inches of heated surface in the retort is allowed 
for every pound of ooal, which is said to 7}^ld 5*86 cuUc foet 
rf gas, or 12,000 cubic feet per ton of Wallsend coaL Tlie 
charge for each retort is about 18 cwt. of coal for 24 hours, or 
about double the quantity under the old plan in retorts of 
wnilar dimenrions. Hie coke is also said to be in much 
neater quantity. In tiie course of time tiie plates of tibe* 
iron web become converted into steel, the value of which is 
sufficient for the purchase of a new web* Mr. Lowe has also 
introduced an arrangement for increamng the yield of gas by 
making the products of a new change pass over the portion 
of the retort which is already at a nd heat For this pur- 
pose the reeiproeating retort^ as it is called, is made of thrice 
the usual length, and is charged at both ends ; but the dip 
pipe at one end is made to enter to a greater depth mto the 
tar of the hydraulic main than at the other end; so that 
supposing both the dip pipes to be open, the products of dis- 
tillation will of course be discharged into tne main by the 
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<e, vhcie tbere is less pressure to bo ■ 

however, is furnished with a cup-valve, wliicb cu 

.t pleasure; and when so closed, the production 

.1 must escape by the longer dip-pipe. When tb( 

ftc lias been half worked off in one-half of the retort,! I 

ii charge Is introduced into the other half, and the product! 

iislUlalion of the new charge are made to pass ov«rtb« 

, audesccnt coal, or that —'•--' ' as been about three or four 

hours under diatillatlor = «. readily effected by closing 

or opening Uie shortc ccording to the end of Iba 

retort last charged. ile of the reciprocating n 

tort has been adopted a\, -.ai works, with Tariatione in 

the practical details. 

Of latB years clay a'e been largely introduced 

into gas works, and ti.vj ■ !1 to be more durable, and 
to stand a higher temperai- lan irun retorts, the Ulur 
working best at a clierry-red ..vc, and the former at a white 
heat, which is more favorable to the increased production of 
gas than the lower temperature. It is stated, that whero a 
clay retort liaa yielded a million and a iialf cubic feet of ffn, 
aa iron one has furnished only 800,000 cubic feet. Clay re- 
torts appear, from their greater porosity to leak more than iron 
ones ; but aller working eomo months, the pores becoma 
clogged with carbon, and the porosity is thus greatly dimin- 
ished, and the leakage is even less than in iron retorts work- 
ing under the same pressure.* As the demand for clay 
retorts increased, the manufacture of them improved, u 
example of which improvement is well illustrated in the cue 
of the retorts of the Great ExhibitJon of 1851, exhibited by 
' Messrs. Cowen of Blaydon Burn, near Newcastle-on-Tyne. 
When this firm first manufactured retorts about twenty years 

*Oncof Ihe itreatcet Boiirces of lo«a In the manufwture of ^Mkriaesfyail 
the Ifakagt', not only of tbe rt'lortu and olhcr nppiratiis within the worbt 
bat >lK> or lliK ni>lD», a loes Bmounlin;; to IVam lU to 30 mnd upward Mt 
cenL Mr. Crull eBtimatcB the low at oac-tixtb of the gw seat out. Tbe 
poroBily of cont-iron pipi'B. cot at thdr joints m«rKly, but throughout their 
whole length. Is evident from the raluratioa of the soil with gss in the 
Immediate vicloitj of the maiuB. Nat onlj does the gas escape by eios- 
ttume into the air, but by the reverae proceBS of enduBuioae, air eaten the 
pipes In pome casea, aa Prof. Graham has fouad. lo the extent of !S per 
cent. Prof Brsnde thinks that (he fetid odut of the soil ii — 



w gaa mainBladue to the eioamose of ammonia, rather Uuui of tar aad 
upt£a, to which the ill odor ia geoerally attributed. 
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ago, each retort was made in ten pieces, which number was 
reduced to four, then to three, and then to two ; and in 1844 
the retort was made complete in one piece of the dimensions 
of 10 feet in length, and 8 feet in internal width. The clay 
of which these retorts are manufactured is exposed to the 
weather for some years, and is frequently turned over, and 
the fragments of fossils picked out, by which means most of 
the iron is got rid of, which in other fire-clays is so injurious. 
Some of these retorts are stated to have continued in active 
vse for 88 months, thus exhibiting four times the durability 
of iron ones. 

Brick retorts, or rather avenSj have also been introduced, 
and are said to be very durable, and to work satisfactorily. 
In one case the charge is 5 or 6 cwt. of coal every twelve 
hours, and the yield 9000 cubic feet of gas for one ton of 
Welsh coal, and from 10,000 to 12,000 cubic feet from one 
too of Newcastle coal. The fuel required for the carboniza- 
tion of the coal is said to be unusually large. Wrought-iron 
retorts, made of thick boiler plates firmly riveted together, 
have also been tried to a limited extent. 

When clay retorts came into general use, the circumstance 
that they required a much higher heat than iron retorts sug- 
gested the economical plan of heating the clay retorts by the 
direct action of the furnace, and arranging the iron retorts 
in a separate oven, heated by the same furnace, or within a 
system of return flues, where they would be submitted to a 
less intense heat. By this means Mr. Croll has found, that 
with two furnace grates of 252 square inches in each, he has 
been able to carbonize in 24 hours five tons of coal in the 
clay retorts of one bench, and three tons and a half in the 
iron retorts of the same bench, with such an economy of fuel, 
that only twelve per cent, of all the coke made is required for 
the furnaces ; whereas, in most of the London works, nearly 
one-third of the coke made is consumed in heating the re- 
torts. 

The quantity of gas produced during the time the coal is 
undergoing decomposition is extremely variable. From a 
small retort, exposed for eighty-five minutes to a bright red 
heat, which was kept up with the utmost possible uniformity, 
the following results were obtained from eight pounds of the 
Wemyss coal : 
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At the time the process was tenninated the extrftctioa of 
KfirirortD matter had nearly ceased, so that the qasntityof 
gaB yielded by a pound of the coal v&b about five and a h&lf 
cubic feet. Tlie same coal carbonized on the large scale 
yielded vfhen the process was carried on for four hours. »t 
the rate of four and one-third cubic feet of gaa per pouivi- 
The weight of the coke in the above experiment was 'd'2,()-)0 
grains ; and as the weight of the gas, the specific gravity of 
which was -65, must have been 15,02li grains, the tar and 
other residuary products, including the sulphuretted hydrogen 
abstracted bv the process of purification, mu3t have amounted 
to 8924 grains. 

When the decomposition is effected on the large scale, the 
quantity of gas is found to vary with the quality of the ooil, 
and the manner in which the operation is conducted. Ac- 
cording to Mr. Pecltston, a chaldron of Newcastle Wallsend 
coal yields 10,000 cubic feet, being at the rate of 370J cutric 
feet per cwt. The different kinds of Newcastle coal yield 
from 8000 to 12,500 cubic feet of gaa per ton ; the parrot 
or cannel coals furnish from 9000 to 15,000 feet per ton, the 
last named quantity being obtained from the Boghead cannel, 
in which case the epeci6c gravity of the gaa is '752, and as 
nnch as 866 avoirdupois lbs. of gas are obtained from each 
ton of coal. The Wallsend Newcastle, known as Berwick 
and Craister's, only yields 449 lbs., and of the specific grav- 
ity -470. Of the Derbyshire, Staffordshire, Welsh, and other 
varieties of coal, the yield varies from 6500 to about 11,000 
cubic feet of gas per ton of coal. So that under the best 
methods of working it is of great importance to obtain a coal 
that is rich in bituminous matter. 

It must not, however, be supposed that any thing like the 
above quantities of gas are obtained from coal in the practical 
working of it in the gas-house, llie manufacturer ia exposed 
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to losses from a rariety of causes, sach as leakage, as already 
noticed, and also from the tendency of the carbon of the gas, 
or of the hydro-carburets distilled from the coal, to form de* 
posits of charcoal which may attain an inch or more in thick- 
ness on the inner surfitce of the retorts, not only producing 
a loss of gas, but causing the retorts to bum out more quickly, 
and leading to expense and delay in removing the deposit* 
It was formerly supposed that this deposit was owing to the 
overheating of the retort, or to an excess of heating surface. 
It was found, however, by Mr. Grafton that the pressure to 
which the gas is subjected in the retort is the cause of the 
deposit. It is scarcely necessary to remark, that when an 
elastic body is generated in a close vessel, the pressure which 
it exerts upon such vessel depends greatly upon the resistance 
to which it is exposed in seeking to escape. In endeavoring 
to force its way by the dip-pipe through several inches of tar 
into the hydraulic main, the resistance thus offered produces 
a considerable pressure on the inner surface of the retorts. 
The passage of the gas through the washing vessels and lime 
purifiers increases this pressure, thereby promoting the deposit 
complained of, and causing an increased production of tar at 
the expense of the gas. Mr. Grafton found that by working 
the retorts under a pressure of 14 inches of water, a deposit 
of carbon one inch m thickness was formed within the retorts 
in one week, and in the course of two months it filled up nearly 
one-fourth of the retort. On working the retorts with no 
other pressure than that produced by the insertion of the 
dip-pipe half an inch into the fluid of the hydraulic main, 
little or no deposit took place in the retorts in four monthi 
with the same kind of coal. It is now common at many 
gas-works to introduce some kind of pumping apparatus, 
known under the name of the exhatiater or extractor, between 
the hydraulic main and the condenser, or between this and 
the lime purifiers, by which means the pressure of the gas 
within the retorts can be reduced to any amount. It is, 
however, found desirable not to carry this reduction too far, 
lest atmospheric air should find its way into the retorts, and 
thus form an explosive mixture with the gas. 

The quality of the gas yielded by coal varies greatly at 
different periods of the carbonizing process. The first pro- 
ducts, when the coal has not been previously well dried, con- 
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sist almost t ntirelj of aqueous vapor and carbonic acid ; Umm 
arc succeed d bj light carhurelted hydrogen, olefiant gas,uij 
sulphuretted hydrogen, which gradually diminish id qa&Dtii; 
till toward the close of the procesa, when almost the only pro- 
ducts are carbonic oxide aud hydrogen. Hence, if the pro- 
cess be carried ou too long, the gases obtained in the UCtei 
stages of it will not only be useless for the purpoee of yielding 
light, but the fuel employed iu 'leir produilion will be 
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From the retorts the gas, after ila jiroduction, ascends bj 
means of pipes, called etand-pipei, into what is termed the 
condenting main, which is a large cast-iron J^, about twelre 
or fifteen inches in diameter, placed in a horizontal positioo, 
and supported by columns in front of the brickwork which 
contains the retorts, Wrought-iron hydraulic mains are now 
coming into use, and are preferable on account of their su- 
perior lightness and strength. This part of a gaa apparatus 
is intended to serve a twofold purpose : first, to condense 
the tar and grosser products of distillation; and, secondly, 
to allow each of the retorts to be charged singly without per- 
mitting the gas produced from the rest, at the time that (^ 
eration is going on, to make its escape. To accomplish these 
objects, one end of the condensing main is closed by a flaacb ; 
and the other, where it is connected with the pipes for con- 
ducting the gas toward the tar vessel and purifying apparatus, 
has, crossing it, in the inside, a semi-Eanch or partition, oo- 
cupying the lower half of the area of the section, by which 
the condensing vessel is always kept half full of liquid matter. 

The stand-pipes are connected by a flanch with a brancln- 
pipe rising from the upper side of the condensing main ; and 
as the lower end of it dips about two inches below the level 
of the liquid matter, it is evident that no gas can return and 
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escape, when the mouth-piece of the retort is removed, antQ 
it had forced the liquid matter over the bend, a result which 
18 easily prevented by making it of a suitable length. The 
tipper part of the branch of the dip-pipe is generally furnished 
tvith a ground plug to allow the removal of the tarry matter, 
tvhich is apt to accumulate in a concrete state at the lower 
part of the pipe where it is nearest the furnace. Sbe dip- 
pipes varylH diameter from 8} to 4 inches. 

Of the Tar Apparatui. 

After emerging from the lower end of the dip-pipe, the gas, 
now bereft of a considerable portion of the vapor of water, 
tar« and oleaginous matter, which ascends with it from the 
retort, is conveyed by pipes, for the purpose of being com- 
pletely freed from these imparities, into contrivances whore a 
more perfect condensation takes place. As the subsequent 
purification of the gas depends, in no small degree, upon the 
perfect separation of the tar and other condensable products, 
by which it is accompanied, the construction of the vessels 
best calculated ;^ attaining that end is a matter of the ut- 
most importance ; and indeed it may be justly affirmed, that 
unless that separation be effectually accomplished, the action 
of the chemical agents to which the gas is afterward exposed, 
must be limited and imperfect. 

The first contrivances employed for the purpose of con- 
densation were all constructed on the supposition that the 
object would be best attained by causing the gas to travel 
through a great extent of pipes, surrounded by cold water, 
and winding through it like the worm of a still, or ascending 
upward and downward in a circuitous manner. An improve- 
ment on this form of condenser, and the one now in general 
use, consists of a series of upright pipes connected in pairs 
at the top by seici' circular pipes, and terminating at the bot- 
tom in a trough containing water, and divided by means of 
partitions in such a way that as the gas enters the trough 
from one pipe it passes up the next pipe and down into the 
next partition, and so on to the end of the condenser. The 
cooling power of this air-condenser, as it is called, is some- 
times assisted by allowing cold water to trickle over the outer 
surface of the pipes. In passing through these pipes the ^aa 
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ical distributioD of the boat, but better adapted to the inln- 
duction of the coal, and the subsequent removal of Uie eok«, 
utter the carbonization was earned to a due extent. At fint 
the heat was applied direct!; to the lower fart of the retort,' 
but it was soon observed that the high temperature to wtueh 
it was oecessary to expose it, for the perfect decompositioa of 
the coal, proved destructive to it, and rendered it useless long 
before the upper part had suataincd much injury. The aeit 
improvement was, accordingly, to interpose an arch of brick- 
work between it and the furnace, and to compensate for tijs 
diminished intensity of the heat by a more diS'uaed distriliD- 
tion of it over the surface of the retort. This was effected 
by causing the flue of the furnace to return toward the month 
of the retort, and ajjain conducting it in an opposite direction. 
till the heated air finally escaped into the chimmey. 

This arrangement continued for a long time ia use, and 
seemed to admit of little improvement, unless with respect to 
the shape and dimensions of the retorts. The cvlindricsl 
form has the advantaj;e of possessing great durability, but 
it is not so well fitted for rapid decomposition of the coal (oo 
which depends much of the good qualities of the gas) u 
the elliptical shape. Flat-bottomed or D-shaped retorts 
have also been long in use : the small London D ia about 12 
inches wide by 12| inches deep, while the York I> vaiies 
from 20 to 30 inches in width, and from 9 to 14 inches ia 
height. Retorts are also made of a rectangulaf section, with 
the comers rounded and the roof arched. Elliptical retorta 
are varied into what aro called ear-ghaped or kidney- ahaptd, 
and it is not unusual to set retorts of different forms in the 
same bench, for the convenience of filling up the branches of 
the arch which incloses them. The length of retorts former- 
ly varied from 6 to feet ; they are now in some cases made 
19J feet in length ftnd 12^ inches in internal diameter, and 
are charged at both ends. 

Iron retorts of from 6 to 9 feet in length carry a charge 
of from 120 to 200 lbs. of coal, which is usually renewed 
every six hours. Instead of the old method of charging with 
the shovel, which occupies at least half an hour, and entailed 
a great loss of gas, the whole charge is now deposited in an 
iron Qcoop, with a cross handle at the end, and it is lifted by 
three men, pushed into the retort, turned over, and the whole 
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charge deporited at oiiee, a oootnTance wldcli doei not oeetipy 
more than 80 or 40 ieooods. Indeed it is not nnoonii(pfi»r 
a bench oi 7 retorts to be empijled'and rechargad in mbrief 
space of 20 minntes. When square-backed retorts are nsed, 
the backs are apt to wear nrach more qnieklj than anj other 
part, in consequence of the fierce heat which plajs upon them ; 
It is therefore sometimes usual to throw in a few shovelfuls 
of coal to the extreme end before deponting the charge with 
the sooop. This occupies more time in char^off, but it has 
the eJEMt of preserving; the backs. The objectum does not 
vpAj to retorts with circular ends. 

Srery retort is furnished with a separate mouth-piece, 
vsoallj of cast-iron, with a socket fiir receivbg the stand- 
pipe, and there is a movable lid attached to the mouth, to- 
gether with an ear-box cast on each side of the retort for re- 
ceiving Uie ears which support the lid. The ears hold a 
crossbar throu^ which is passed a screw which presses on 
the lid, and secures it to the mouth-piece. That part of the 
Ud wUoh comes in contact with the edge of the mouth-piece 
has applied to it a lute of lime mortar and fire-claj, and 
when the lid is screwed up, a portion of this lute ooies out 
round the edges and forms a gas-tight loint. 

In some cases tlie screw is got rid of bj a more expeditious 
contrivance, in which the ears support an axis, whicn carries 
a lever formed at one end into a sort of cam, and bearing al 
the other end a ball of cast-iron about 4 inches in diameter. 
On lowering this ball the cam presses with great force against 
tiie back of the lid, and holds it s^curelj ; and if more force 
be required, a weight can be attached to the iron ball. 

In attaclung a mouth-piece to a claj retort, the end is 
notched with grooves for the purpose of holding the binding 
cement more securdv. The mouth-inece is attached bj 
means of bolts with T heads let into the bodj of the retort 
iron cement is used, in which fire-claj takes the place of 
sulphur ; this being spread over the joint, the mouth-piece is 
attached and screwed up. 

The temperature best suited for the production of gas from 
coal, being what the workmen term a bright redj was found 
to be verj destructive to the retorts when thej were exposed 
to the direct action of the fuel ; and acoordinglj means were 
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to protect them from the rapid oxidation whicl) Ht} 
nder these circumsCaDcea, b; interposing bettrta 
the fumnce a partition of fire tiles or arcbed brieb 
i flues for the admission of the heated air. 
nun [he view of occupying less room, and saving iJie a- 
lee of fuel, several retorts are sometimes set together a 
oven of brickwork, and heated by a smaller number of fm- 
oes than there are retorts. ~ j this arrangement the fwl | 
— certainly economiEed, but ttii:' Ian is liable to the objectici, 
t when any one of the "*" \a «om out, those connMt- 
with it cannot be used faulty one is replaced ; aoij 

ugh various expedient been proposed for obviating 

t inconvenience, none o' can be said to have eSeci- 

l" answered the purposi 

3 fuel required for earn ng a given quantity of Kni 
sy ue stated to be, in gene from one-third to ooe-foarth 
oi its weight for Newcastle tum. It is stated, that wider 
Mr. CroH'a method of setting, the carbonization is carried m 
by the combustion of only 12 per cent, of fuel, or that 100 
tons of coal are carbonized by 1^ tons of coke. 

Various attempts have been made to render the retorts 
moro independent of the laborers. In Mr. Bmntoo's retort, 
a hopper containing the charge of coal is attached to the 
mouth-piece. The charge is introduced by remoring a sUde, 
and a piston is then advanced for the purpose of puahing tor- 
ward the coal, and ejecting the coke, the latter falling through 
a Bhoot at the further end of the retort, and thence into * 
cistern of water into which the lower end of the shoot dips. 
This retort is not of equal section throughout : it is 15 inches 
in diameter at the mouth, and 21 inches at the other end, 
the length being 4| feet. The advantages of this arrange- 
ment, independently of the saving of labor, are said to be 
an increased production of gas, and a consequent diminution 
in the amount of tar, naptha, and ammoniacal liquor, this di- 
minution being stated at 50 per cent, less than ^e ordinaiy 
yield of those secondary products. Moreover, a good deal 
of bituminous vapor, and minutely divided carbon, which, 
under the usual arrangement, go to swell the increase of tar, 
become decomposed under Uie higher tempwatnre of Mr. 
Brunton's retorts by passing over the red-hot coke, and form- 
ing illumiDating gas. Indeed, it is now generally admitted 
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eis under a high temperftiore ; for it is poMible nmr low 
to to dstil off the Tmatile ports of the ooil is biftMBlnoas 
fapor odIj, without tny prodaotion of earboretted hjdrogen 
gas. Bj exposing the omI in a tlun layer to a Tor j hi^ heat, 
the distillatioa is efleoted most ra[»dlj and most profitaUj. 
Mr. Clegg desoribes a retort into, which the coal is introduced 
bj means of an endless web formed of iron plates, each 2 
ftet long, and 14 inches wide, and linked together bj iron 
vods. The coal, broken small, isdaoed in a hopper, to wUch 
is attached a feeder with riz radial projections. * Each of the 
dx partitions thus formed suppEes suflfeient coal to coTcr <me 
l^te of the web, with about 120 cubic inches of coal to the 
depth of f ths of an inch. The hopper, wUoh contuns 24 
hours' chiurge of eoal, is luted after each charge. The end- 
lets web is moTcd Vj passing oyer drums, one rcTolution of 
which eyery 16 minutes conTcys the web through the retort, 
and effiscts tiie dis^ation of the coal. The c^ is carried 
On the upper surfoce of the web, and as the web turns over 
the second drum the coke is discharged by a pipe into a ves- 
sel below, and the empty portion or the web returns to tiie 
hopper, and passing over the surface of the first drum re- 
eeiTCs another charge. The charge is so regulated, that about 
100 square inches of heated surface in the retort is allowed 
for erery pound of coal, which is said to yield 6*86 cubic feet 
of gas, or 12,000 cubic feet per ton of Wallsend coal. Hw 
charge for each retort is about 18 cwt. of coal for 24 hours, or 
about double the quantity under the old plan in retorts of 
mmilar dimenrions. The coke is also sua to be in much 
greater quantity. In the course of time the plates of the' 
mm web become converted into steel, the value of which is 
sufficient for the purchase of a new web. Mr. Lowe has also 
introduced an arrangement for increanng the yield of gas by 
making the products of a new change pass over the portion 
of the retort which is already at a red heat. For this pur- 
pose the reeiprocating retort J as it is called, is made of thrice 
the usual length, and is charged at both ends ; but the dip 
pipe at one end is made to enter to a greater depth mto the 
tar of the hydraulic main than at the other end ; so that 
supposing both the dip pipes to be open, the products of dis- 
tillation will of course be discharged into the main by tiie 
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le, where there is less pressure to bo overcomi. 

however, ia furnished with a cup-valve, which cu 

at pleasure; and when so ctused, the producUof 

1 must escape by the longer dip-pipe. When tl* 

ije uaB been half worked off In one-half of the retort, i 

III charge ia introduced into the other half, and the product! 

listillaUon of the new charge are made Id pass over tit 

.^^Aodeaceut coal, or that -' --' ' aa been about three or (bur 

hours under distitlatic readily effected by clusiug 

or upeuing the shorts ccordiug to the end of tbe 

retort last charged. ile of the reciprocating r« 

tort has been a uk ..it vForks, with variations in 

the practical det 

Of late years ..-y 'o been largely ititroduccd 

into gas works, and t--^ I to be more durftble, and 

to stand a higher temper laa iron retorts, the latter 

working best at a cherry-i^ , and the former at a white 

heat, which is more favorable to the increased production of 
gas than the lower temperature. It is stated, that where a 
clay rttort lias yielded a million and a half cubic feet of ^n?, 
an iron one has furnished only 800,000 cubic fe«t. Clay re- 
torts appear, from their greater porosity to leak more tbao inm 
ones ; but after working somo months, the pores become 
clogged with carbon, and the porosity is thus greatly dimin- 
ished, and the leakage b even less than in iron retorts work- 
ing under the same pressure.* As the demand for cUy 
retorts increased, the manufacture of them improved, an 
example of which improvement is well illustrated in the case 
of the retorts of the Great Exhibition of 1851, exhibited by 
' Messrs. Cowen of Blaydon Burn, near Newcastle-on-Tyne. 
When this firm first manufactured retorts about twenty years 

* One of tb» KTcalcfit Boiircaof lorain (be mitnnfkctiire of fcaa nrltealtaa 
tbe leakage, not only or the rvtorte niid olbcr apparaliis witbin tbe workt, 
but also or the mains, a lou amojDlin!; to from lU to 30 and apwird per 
cent. Ur. CruU eBtimatcB tbe loss at onc-siitb of tbe ga« sent out. 1'bc 
ponwit; of cant-iron pipva. not at their Joints merely, but tbroughuut (beir 
wbole length, le evitlent from the natumtion of Ihc boII witb gas In tbe 
imineiliate vicialty of tbe mftins. Noton1;doe« tbe gaa escape b; eioe- 
uoae into the air, but by the reverse process of eudoemoBe, air entere the 
pipes in pome caseH, as Wof, Graham has found, to ibe extcut of ti per 
ceoL Prof. Drande thinks that the fetid odor of tbe soli ia contact villi 
due to the exosmose of MDmoniB, rmlher thaa of tar lod 
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which lbs ill odor ia generally attributed. 
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ago, each retort was made in ten pieces, which number was 
reduced to four, then to three, and then to two ; and in 1844 
the retort was made complete in one piece of the dimensions 
of 10 feet in length, and 8 feet in internal width. The claj 
of which these retorts are manufactured is exposed to the 
weather for some years, and is frequently turned over, and 
the fragments of fussils picked out, by which means most of 
the iron is got rid of., which in other fire-clays is so injurious. 
Some of these retorts are stated to have continued in active 
use for 88 months, thus exhibiting four times the durability 
of iron ones. 

Brick retorts, or rather aventy have also been introduced, 
and are said to be very durable, and to work satisfactorily. 
In one case the charge is 5 or 6 cwt. of coal every twelve 
hours, and the yield 9000 cubic feet of gas for one ton of 
Welsh coal, and from 10,000 to 12,000 cubic feet from one 
ton of Newcastle coal. The fuel required for the carboniza- 
tion of the coal is said to be unusually large. Wrought-iron 
retorts, made of thick boiler plates firmly riveted together, 
have also been tried to a limited extent. 

When clay retorts came into general use, the circumstance 
that they required a much higher heat than iron retorts sug- 
gested the economical plan of heating the clay retorts by the 
direct action of the furnace, and arranging the iron retorts 
in a separate oven, heated by the same furnace, or within a 
system of return flues, where they would be submitted to a 
less intense heat. By this means Mr. Groll has found, that 
with two furnace grates of 252 square inches in each, he has 
been able to carbonize in 24 hours five tons of coal in the 
clay retorts of one bench, and three tons and a half in the 
iron retorts of the same bench, with such an economy of fuel, 
that only twelve per cent, of all the coke made is required for 
the furnaces ; whereas, in most of the London works, nearly 
one-third of the coke made is consumed in heating the re- 
torts. 

The quantity of gas produced during the time the coal is 
undergoing decomposition is extremely variable. From a 
small retort, exposed for eighty-five minutes to a bright red 
heat, which was kept up with the utmost possible uniformity, 
the following results were obtained from eight pounds of the 
Wemyss coal : 
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At the time the process was terminated the extraetjontf 
aeriform matter had nearly ceased, bo that the quantity of 
gas yielded by a pound of the coal waa about five and a btif 
eubic feet. The aamo coal carbonized od the large sola 
yielded when the process was carried on for four hours, tl 
the rate of four and one-third cubic fcot of gaa per yomi. 
The weight of the coke in the above experiment waa !i2,OoO 
grains ; and as the weight of the gas, the specifio gravity ef 
which was '65, must have been l.'),02l> grains, the tar vA 
otherresiduary products, including the sulphuretted hydrogen 
abstracted by the process of purification, must have anaouuiei 
to 8iJ24 grains. 

When the decomposition is effected on the large scale, the 
quantity of gas is found to vary with the quality of the coil, 
and the manner in which the operation is conducted. Ac- 
cording to Mr. Peckston, a chaldron of Newcastle Wallsead 
coal yields 10,000 cubic feet, being at the rate of 370 J culric 
feet per cwt. The different kinds of Newcastle coal yield 
from 8000 to 12,-500 cubic feet of gas per ton ; the parrot 
or cannel coals furnish from 9000 to 15,000 feet per ton, die 
last named quantity being obtained from the Boghead oaDoel, 
in which case the specific gravity of the gas is '752, and t» 
much as 866 avoirdupois lbs. of gas are obtained from eadi 
ton of coal. The Wallsend Newcastle, known aa Berwick 
and Crai8ter's,only yields 449 lbs., and of the specific grav- 
ity -470. Of the Derbyshire, Staffordshire, Welsh, and other 
varieties of coal, the yield varies from 6500 to abont 11,000 
cubic feet of gas per ton of coal. So that under the best 
methods of working it is of great importance to obtain a coal 
that is rich in bituminous matter. 

It must not, however, be supposed that any thing like tie 
above quantities of gas are obtained from coal in the practical 
working of it in tbe gas-house. The manufacturer is ezpoeed 
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to losses from a variety of causes, such as leakage, as already 
noticed, and also from the tendency of the carbon of the gas, 
or of the hydro-carbureta distilled from tbe coal, to form de- 
posits of charcoal which may attain an inch or more in thick- 
ness on the inner surface of the retorts, not only producing 
a loss of gas, but causing the retorts to burn out more quickly, 
and leading to expense and delay in removing the deposit. 
It was formerly supposed that this deposit was owing to the 
overheating of the retort, or to an excess of heating surface. 
It was found, however, by Mr. Grafton that the pressure to 
vhich the gas is subjected in the retort is the cause of the 
deposit. It is scarcely necessary to remark, that when an 
elastic body is generated in a close vessel, the pressure which 
it exerts upon such vessel depends greatly upon the resistance 
to which it is exposed in seeking to escape. In endeavoring 
to force its way by the dip-pipe through several inches of tar 
into the hydraulic main, the resistance thus offered produces 
a considerable pressure on the inner surface of the retorts. 
Tho passage of the gas through the washing vessels and lime 
purifiers Increases this pressure, thereby promoting the deposit 
complained of, and causing an increased production of tar at 
the expense of the gaa, Sir, Grafton found that by working 
the retorts under a pressure of 14 inches of water, a deposit 
of carbon one inch in thickness was formed within the retorts 
in one week, and in the course of two months it filled up nearly 
one-fourth of the retort. On working the relorta with no 
other pressure than that produced by the insertion of the 
dip-pipe half an inch into the fluid of the hydraulic main, 
little or no deposit took place in the retorts in four monthb 
with the same kind of coal. It U now common at many 
gas-works to introduce some kind of pumping apparatus, 
known under the name of the exhauster or extractor, between 
the hydraulic main and the condenser, or between this and 
the lime purifiers, by which means tho pressure of the gaa 
within the retorts can be reduced to any amount. It ia, 
however, found desirable not to carry this reduction too far, 
lest atmospheric air shoald find its way into the retorts, and 
thus form an explosive mixture with the gas. 

The quality of the gas yielded by coal varies greatly at 
different periods of the carbonizing process. The first pro- 
ducts, when the coal has not been previously well dried, con- 
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slat almost entirely of aqueous vapor and carboDio actd ; tbcM 
are succeeded by light carburetteil hydrogen, oleGant gas, aiA 
sulphuretted hydrogen, which graduuily diminish in (juautit; 
till toward the otoseof the process, v ben almost the only pro- 
ducts are carhonic oxide and hydrogen. Hence, if tJie jiro- 
oess bo carried ou too long, the gases obtained in the latin 
stages of it will not only be useless for tlie purpose of jieldio" 
light, hut the fuel employed for their produition will be m- 
pen'lcd in wasting the retorts to produce substances which 
are calculated to impair the illuminating power of the gas*i 
with which (hey are mixed. In the case of cannel coal, the 
interval between the charges of the retorts should not exceed 
three and a half or four hours ; nor in the case of the New- 
castle coal, which is not so easily decomposed, ougbc that ia- 
terval to extend beyond six hours. 

The Condtniing Main and Dip Pipes. 

From the retorts the <^!\s. after ita production, ascendg liy 
means of pipes, called etand-pipeB, into what is termed the 
condensing main, which is a large cast-iron pipe, about twelve 
or fifteen inches in diameter, placed in a horiaonlal position, 
tnd supported by columns in front of the brickwork which 
contains the retorts. Wrought-iron hydrauUc mains are now 
coming into use, and are preferable on account of their su- 
perior lightness and strength. This part of a gas apparatus 
is intended to serve a twofold purpose : First, to condense 
the tar and grosser products of distillation ; and, secondly, 
to allow each of the retorts to be charged singly without per- 
mitting the gas produced from the rest, at the time that op- 
eration is going on, to make its escape. To accomplish these 
objects, one end of the condensing main is closed by a flaoch ; 
and the other, where it is connected with the pipes for con- 
ducting the gas toward the tar vessel and purifying apparatus, 
has, crossing it, in the inside, a semi-flanch or partition, oc- 
cupying the lower half of the area of the section, by which 
the condensing vessel is always kept half full of liquid matter. 

The stand-pipes are connected by a flanch with a branch- 
pipe rising from the upper side of the condensing main ; and 
as the lower end of it dips about two inches below the levd 
of the liquid matter, it ia evident that no gas can return and 
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escape, when the mouth-piece of the retort is removed, until 
it had forced the liquid matter over the bend, a result which 
is easily prevented bj making it of a suitable length. The 
tipper part of the branch of the dip-pipe is generally furnished 
tvith a ground plug to allow the removal of the tarry matter, 
tvhich is apt to accumulate in a concrete etate at the lower 
part of the pipe where it is nearest the furnace. Xbe dip- 
pipes varyift diameter from 8} to 4 inches. 

Of the Tar Apparatui. 

After emerging from the lower end of the dip-pipe, the gas, 
now bereft of a considerable portion of the vapor of water, 
tar« and oleaginous matter, which ascends with it from the 
retort, is conveyed by pipes, for the purpose of being com- 
pletely freed from these imparities, into contrivances whore a 
more perfect condensation takes place. As the subsequent 
purification of the gas depends, in no small degree, upon the 
perfect separation of the tar and other condensable products, 
by which it is accompanied, the construction of the vessels 
best calculated J||r attaining that end is a matter of the ut- 
most importance'; and indeed it may be justly affirmed, that 
unless that separation be eSectually accomplished, the action 
of the chemical agents to which the gas is afterward exposed, 
must be limited and imperfect. 

The first contrivances employed for the purpose of con- 
densation were all constructed on the supposition that the 
object would be best attained by causing the gas to travel 
through a great extent of pipes, surrounded by cold water, 
and winding through it like the worm of a still, or ascending 
upward and downward in a circuitous manner. An improve- 
ment on this form of condenser, and the one now in general 
use, consists of a series of upright pipes connected in pairs 
at the top by seici- circular pipes, and terminating at the bot- 
tom in a trough containing water, and divided by means of 
partitions in such a way that as the gas enters the trough 
from one pipe it passes up the next pipe and down into the 
next partition, and so on to the end of the condenser. The 
cooling power of this air-condenser, as it is called, is some- 
times assisted by allowing cold water to trickle over the outer 
surface of the pipes. In passing through these pipes the gas 
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Thia table haa been deduced partly from theoretical coo- 
aide rations, and parti; from the resulta of experiment. 
PeckstoD affirms, in bia work on Gas-lighting, that a pipe 
ten inches in diameter, is capable of transmitting 60,000 
cubic feet of gas per hour, ander a pressure of one inch of 
water ; while, according to the statement of Mr. Creighton, 
such a [upe would scarcely convey the tenth part of that 
quantity, under a pressure of from four-eighths to three- 
fourths of an inch of water. It is impossible to reconcile 
these discordant statements either by an allowance for the 
difference of pressure or the difference of the apecific gnn- 
tJea of the gases ; for it ought to be kept in view that the 
discharge of gas is directly proportioned to the sqnare 
root of the height of the column of water by which it is 
pressed, and iDversely as the square root of the apetnfic 
gravity of the gas. Both of these propositions, however, 
must be greatly modified by friction, and consequently by the 
length of the pipes through which the gas is conveyed, 
In the supply stated to be furnished by pipes of different 
dimensions, we have deemed it safest rather to underrate the 
quantity than overrate it. 

The main-pipes are usually made of caat-iroo, joined to- 
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gether with BOckeUjoints, in lengths of three jarils. The 
depths of the sockets vary in pipes of different sizes from 
three to six inches, part of them being fitted with gasket to 
bring the centers of the pipes into line, and the remainder 
with lead after the gasket has been driven home with emtable 
chisels or caulking irons. The depth of lead to secure a 
good joint should not be less than an inch and a half; the in- 
terval between the spigot and the socket being from three- 
eighths to eeven-eightbs of an inch, according to the diameter 
of the pipe. Joints arc now frequently made without lead. 
One plan is to caulk into the bottom of the socket, to the 
depth of two inches, white rope-yam covered with putty, and 
to nearly fill up with tarred gaskets, leaving a gale into which 
is poured a composition of melted tallow and vegetable oil. 
Another plan is to bore the socket of the pipe with a slightly 
conical opeaing, the email end being similarly turned to fit 
the socket. The two ends of the pipe are coated with a mix- 
ture of white and red lead, and being brought together, are 
driven home by a mallet. Such a joint is said to be quite 
tight. Rings of vulcanized India-rubber have also been 
recommended for the joints of gas and water pipes. 

As a considerable quantity of water is carried off by the 
gas in the state of vapor, which is afterward condensed in the 
pipes, some arrangement must be made for its collection and 
occasional removal; and accordingly, in laying the pipes, 
care must be taken to give them a regularity of declivity 
toward one or more points, where proper syphons, close Tea- 
sels, and cocks must be placed, to receive and discharge the 
collected water. When these precautions are neglected, or 
when the levels are inaccurately taken, much annoyance is 
experienced ; and as the evil can only be corrected by lifting 
and rejoining the pipes, the utmost attention should be paid 
to guard against it at first. 

To convey the gas from the miun-pipes, and distribute it 
through the various apartments of dwelling-houses, pipes 
made of block-tin are generally used ; these being more du- 
rable and better adapted to the purpose than pipes composed 
of copper or any other metal. In arranging the interior fit- 
tings, the same precautions must be observed aa were recom- 
mended in the case of the main pipes, viz., to give the va- 
rious branches a due degree of inclination, bo as to cause all 
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^ndensed water to flow to one or more points, nhert 

r cocks must be plaoed for its removal. Unlesa this bt 

}, the W^hXa will be apt to flicker, or be extinguished il 

altogether. Nor ia it of trivial momeat to enjoin ttri 

•n, when thoy are soldering the Bervice-pipes, to avoid 

I utmost care allowing any of the raelted metal to find 

«ti/ into the inside of the pipes ; it being in a great mea»- 

to this circumstance thr' ''"~ deficiency in the supp^of 

80 frequently compUim is owing. 

Of the Qovemor cr Jiegtdator. 

! quantity of d in large towns varying 

it different t iently a matter of some im- 

auud to the public, ai o the manufacturers of gas, 

. the supply of it sbo ly adjusted to the consump- 

; so that when the lamps are once regulated to a proi«r 
Iteigbt of flame, they may continue afterward to burn wiili 
the same steady lij^ht throui^hout the whole of the evening. 
Any contrivance tliat c;iq accomplish so desirable na oliject 
must gave a great deal of trouble to the consumer of gas, 
and much unnecessary waste of it to the manufacturer ; and 
such is the design of the governor or regulator. Fig. 1 rep- 
resenta one of these contrivances, d being the pipe proceed- 
ing from the gasometer, by which the gas is admitted, and t 
the pipe by which it escapes ; c is a valve of conical form, 
fitted to the seat i, and raised and depressed by means of the 
weight / attached to a cord passing over a pulley ; 65 is a 
cylindrical vessel formed of sheet-iron which ascends and 
descends in the exterior vessel aa, in which water is con- 
tained to the level represented. The gas, entering at d, 
passes through the valve, fills the upper part of the inverted 
vessel bb, which it thus partially raises, and escapes by e. 
If the pressure from the gasometer be unduly increased or 
diminished, the buoyancy of bh will be increased or diminished 
in like proportion, and the valve being by this means more or 
less closed, the quantity of gas escaping at e will be unaltered. 
And not only will the governor accommodate itself to the 
varying pressure of the gasometer, but also to the varying 
quantities of gas required to escape at e for the supply of 
the burners. Thus, if it were necessary that less gas should 
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pass through «, in consequence of the extinction of a porti<m 
of the lights, the increased pressure which would thus be pro- 
duced at the gasometer would raise the governor, and par- 
tiallj shut the valve, till the state of it was dulj adapted to 
the requisite supply of gas. 

When a large district is supplied by a single ^as com- 
paojr, and different parts of the same district consume va- 
riable quantities of gas, variable pressures are reqiured. 
One part of the district where there are numerous shops will 
consume more than another part which consists chiefly of 
private houses, so that the pressure for the former must be 
greater than that required for the latter. For example, the 
Westminster district has about 20 such divisioas, comprising 
nearly 150 miles of main, and the varying pressures required 
for each division are managed as follows : In the superin- 
tendent's room there are a number of small gasometers, call- 
ed pressure indicators^ and over each is the name of the sub- 
district to be supplied. Each gasometer is about 12 inches 
in diameter. It is supported in a tank of water in such a 
manner that it can rise and fall with the varying pressure in 
the mains with which it is connected by a pipe. At the up- 
per part of the gasometer is a rod, carrying a black lead pen- 
cil, which bears upon a cylinder which is covered with a 
sheet of paper, along the top of which are marked the twenty- 
four hours of the day. From these hours perpendicular lines 
are drawn to the bottom of the sheet, and there are also hori- 
zontal lines, and the bottom is divided into tenths. The 
cylinder is connected with a time-piece, so as to rotate on its 
axis, by which means the pencil draws a line opposite the 
hour when it is set going. If the pressure be constant for a 
number of hours, the pencil will of course describe a portion 
of the circle round the cylinder parallel with the top and 
bottom edges of the paper, or a straight line when the paper 
is unrolled ; if the pressure vary, the line will be diagonal or 
zig-zag. At the end of twenty-four hours the paper is 
taken off the cylinder, and replaced by a new one. A collec- 
tion of these papers for each district furnishes an index to the 
supply of gas at any hour of the day to the sub-district to 
which it refers. 

It is often necessary to ascertain the pressure to which the 
gas b subjected in the various forms of apparatus used in the 
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Actnre. For this purpose a si[iipl« gauge is sttscbed 
to, conEistingof abent graduated glass tube containing t 
ion of water or of mercury. If one end of the tube be 
wed into a vessel or an upright tube containing gas of the 
>e prcssuro as that of the external air, the li«|uld will stand 
he same heiglitin the two limbs of the gauge. If thepres*- 
be greater thnn that of the external air, the liquid wiD 
in the open u i, 9' *" ssure of the gas will be 1, 
r more inches, accoi i height to which the licfiud 1 

s. But if 3 gas be less than that tf I 

atmospher ircssure, which always aott 1 

le open ^' prevail, and the liquid will 

depreased a rise in the other. 

J Teter. 

The gas-meter is a simple but ingeuions mechanical con- 
trivance, the design of which is to measure and record the 
quantity of gas passing through a pipe in any given internt 
of time. Experience has proved it to be no less advantageous 
to the consumer than to the manufacturer of gas, by allow- 
ing the former to use gas without any unnecessary waste of it, 
and securing to the latter a fair and regular price for the 
quantity of it actually consumed. 

There aretwofornisof meter in actual use, viz., the u>et and 
the dry. The former, the invention of Mr. Clegg, is repre- 
sented in the annexed figures. In the sections, figs. 2, S, 
ec represent the outside case, having the form of a flat cylin- 
der ; t) is a tube which enters at the center for admitting the 
gas, and h, fig. 2, is another for conveying it off to the burn- 
ers ; ffff are two pivots, one supported by the tube a, and the 
other by an external water-tight cup, projecting from the out- 
side casing, and in which is contained a toothed wheel h, fix- 
ed upon the pivot, and connected with a train of wheel-work 
(not shown in the figure) to register its revolutions. The 
pivots are fixed to and support a cylindrical drum-shaped ves- 
sel ddd, having openings e, e, e, e, internal partitions ef, tf, 
ff, ef, and a center piece ffff. The machine is filled with 
water, which is poured in at A up to the level of i, and gas 
being admitted under a small pressure at a, it enters into 
tbe upper part of the center i^iece, and forces its way through 
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Buch of the openings / as are from time to time c 
surface of the water. Bj its action upon the partition which 
curves over the opening a, a rotatory motion is communicated to 
the cylinder ; the gas from the opposite chamber heing at the 
Bame time expelled by one of the openings e, and afterward 
escaping at b, as already mentioned. 

As tlie quantity of gas which pasaea throngh the machine 
in any given time depends not only upon its internal dimen- 
sions and the number of revolutiona which it performs, but also 
upon the level of the surface of the water in which the cylin- 
der revolves, due care must be taken to maintain the water at 
the same level, for the regular action of the meter. This is 
easily accomplished, by pouring in water when necessary, till 
the superfluous quantity is discharged by an orifice properly 
placed for tlie purpose. 

One great objection to the wet meter is, that the water is 
liable to freeze in winter, by which means the supply of gas 
is stopped ; it has been proposed to use a solution of caustic 
potash or soda instead of water, as being less liable to freeze, 
»nd exerting a beneficial action on the gas by removing traces 
of carbonic acid or sulphide of hydrogen; A second objection 
ja, that if the water level be lowered so that one compartment 
nay at the same time communicate with the central and outer 
•paces// and de, more gas will pass than can be registered, 
■D effect sometimes produced by the dishonest consumer tilting 
Jbrward the meter. In the dry meter, as its name implies, nu 
liquid is used, and the gas is measured by the number of times 
(nat a certain bulk of it will fill a chamber constructed so as 
to contract and expand for the passage of the gas. These 
lltemate contractions and expansions give motion to certain 
Talves and arms, which, with the aid of a train of wheels, 
turn the hands of the dials as in the wet meter. The two 
forms of dry meter which have attracted most attention are 
Defrie's and Croll and Glover's. Defric's meter consists of 
three measuring chambers separated by leathern partitions 
partially covered by metal plates, and as they expand by the 
J>res8ure of the gas they assume the form of a cone on one 
inde or other, the motion of which backward and forward drives 
tiie measuring machinery, and by an action somewhat similar 
to that of a three-throw pump, a continuous stream of gas is 
Igected. This incessant bending of the leather backward 
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brward oaufles it to wear rapidly, while the efficiency of 
leter obvioualj depends ou the soundDess of the leather, 
.liesars. Croll and Glover'a meter the leather ts applied in 
baps a less objectionable form. This meter consUta of two 
rt metal cylinders, each closed at one ead ; AA, fig. 4, 
esenting one such end attached to a fixed central plate 
b; means of broad bands of leather, which act as hinges, 
i^ing one side to awell out with gas, while the other part* 
111 iti9 gaa by being pressed iq toward the center plxte. The 
-and-fro mocion of the discs which close the short cytiuden 
<rdB meiins for measuring the gas. Each disc is kept in 
ce by a hinge joint S attached to upriglu rods, RR'. Then 
also parallel motions ejnf attached to each disc, and to the 
plate of the meter. As the gas passes into each cylinder 
<i«u distends it, the rods RR', one on each side, are made to 
move each through the half of a circle by moans of jointed 
levers S attached to them. At the top of each rod are two 
arms )iad, K'ad, fig. 5, each of which partaking of the motion 
of the rods RR describi'S alternntely the arc of a r.ircle, and 
a rotatory motion is obtained by means of connecting rods 
attached to these arms, and also to two other arms rr which 
work two D valves DD, each of which is made to slide back- 
ward and forward over three apertures, the two outer of 
which lead to the inside and outside of the cylinders respec- 
tively, and the middle aperture to the exit pipe E. It is the 
function of these valves to regulate the Sow of gas into and 
out of the two chambers of each division of the meter. While 
the gas is flowing into one cylinder and distending it, the gas 
on the other side of this cylinder disc is expelled to the exit 
pipe E ; as soon as this is done, the valve is reversed and gas 
enters on the side of the disc from whence it was last expelled. 
The process is then repeated by the other disc, and in this 
way a continuous flow of gas is obtained by means of the two 
valves DD, which being placed at right angles to the double- 
cranked shaft, and the two cranks on the shaft being at an 
» angle of 45° to each other, it follows that as one valve closes 
the other opens, but the closed valve always begins to open 
before the other is quite shut. In fig. 5, the dotted portion 
represents one of the short cylinders A' distended with gaa, 
and the other cylinder A collapsed. 

We will now trace the course of the gas in its passage 
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through the meter. Suppose a contmuoua stream of gas 
under pressure to be passing down the inlet pipe I. Oa 
arriving at i it meets with a horizontal tube which conducts 
it by the aperture o, &;;. 5, in the direction of the arrow into 
a triangular chamber VV. It then pnsses down an open slit 
of one of the valves, which we will call No. 1, and entering 
one of the cylinders, distends it and forcea tlie gas which 
naa on the outside of the disc to escape through slit No, 2, 
and HO along a tuhe k leading to the exit pipe K. While this 
action is going on, that is, while the cylinder on one side ia 
being distended, the cylinder on the other aide ia already full, 
the gas is shut off from it by the sliding valve D, and is made 
to pass on the outside, where exerting ita preaauieon the diao 
AA, it forces it inward, and the gas escapes along a abort 
pipe attached to either aide of the partition BB into alit No. 
2, and ao escapes to the exit pipe. The triangular chamber 
YV haa no connection with the cylindera, etc. situated below 
it except through the tubes already indicated, and the train 
of wheels W, fig. 5 ; and the dials are alao ao boxed in as 
not to be exposed to the corrosive action of the gaa. The 
roda R'R pass into thia upper compartment through leather 
waahers and a stuffing of wool. The cylindera are inclosed 
in an oblong box of iron plate or galvanized iron, ao as to be 
completely concealed from view. The pressure to which the 
gas is subjected in order to force it along the maina is amply 
sufficient to work this meter. If the gas were aubjected to 
the pressure of only half an inch of water, this quantity 
multipUed into the area of the disc, which in a ten-light 
meter ia ten incbea in diameter, amounts to many pounds. 

The circular motion of the double crank is transmitted by 
means of an endless screw c, fig. 4, and aspur-vrheel b along 
ire i6, fig. 5, to a train of wheels W, w.iich record their 
revolutions on the face of the dials G, also shown separately 
in fig. 6, registering the number of cubic feet of gaa consumed, 
in units, tena, hundreds, thousands, etc. The top circle marks 
the units, the left-hand circle hundreds. The motion of the 
hand from to 1 shows that lOQ cubic feet of gas have passed 
through the meter, while a whole revolution of thia hand re- 
gisters ten times that quantity, or 1000 cubic feet. The 
motion of the hand of the center circle from to 1 indicates 
};000 feet, and a whole revolution 10,000 feet. The right- 




FiTB Bl.i.CK ABT3. 



'orward causes it to near rapidly, while the pfiic!ene7of 
neter obviously depends era ibe soundness of the leather, 
.lieaara. Croll and Gtover'a meter the leather Is applied id 
lape a less objectionable form. This meter consists of two 
I't metal cylinders, each closed at one end ; AA, fig. 4, 
eaeating one such end attached to a fixed central plate 
by means of broad banda of leather, which act as binges, 
rfing one side to swell out r'"'" gas, while the other parts 
>ui its gas by being pressed in i^jirard the center plate. The 
nd-fro motion of the discs which close the short cylinders 
rds means for measuring the gas. Each disc is kejit in 
ce by a hinge joint S attached to upright rods, RR'. There 
' also parallel modons ejn/ attaci ed to each disc, and to the 
plate of the meter. As the gas passes into each cylinder 
. distends it, the rods RR', one on each side, are made to 
uiuve each through the half of a circle by moans of jointed 
levers S attached to them. At the top of each rod are two 
arms Rad, R'ad, fig. 6, each of which partaking of the motion 
of the rods RR descriljea alternately the arc of a oirc-lc, and 
a rotatory motion is obtained by means of connecting rods 
attached to these arms, and also to two other arms rr which 
work two D valves DD, each of which is made to slide back- 
ward and forward over three apertures, the two outer of 
which lead to the inside and outside of the cylinders respec- 
tively, and the middle aperture to the exit pipe E. It is the 
function of these valves to regulate the flow of gas into and 
out of the two chambers of each division of the meter. While 
the gas is flowing into one cylinder and distending it, the gas 
on the other side of this cylinder disc is expelled to the exit 
pipe £ ; as soon as this is done, the valve is reversed and gas 
enters on the side of the disc from whence it was last expelled. 
The process is then repeated by the other disc, and in this 
way a continuous flow of gas is obtained by means of the two 
valves DD, which being placed at right angles to the double- 
cranked shaft, and the two cranks on the shaft being at aa 
» angle of 45° to each other, it follows that as one valve closes 
the oiher opens, but the closed valve always begins to open 
before the other is quite shut. In fig. 5, the dotted portion 
represents one of the short cylinders A' distended with gas, 
and the other cylinder A collapsed. 

We will novr trace the course of the gaa in its passage 
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through the meter. Suppose a continuous stream of gas 
uuJcr pressure to be passing down the inlet pipe I. On 
arriving at i it meets with a horizontal tube which conducts 
it by tiie aperture o, %. 5, in the direction of the arrow into 
a triangular chamber VV. It then passes down an open slit 
of one of the valves, which we will call No. 1, and entering 
one of the cylinders, distends ii and forces the gas which 
was on the outside of the disc to escape through slit No. 2, 
and 80 along a tube k leading to the exit pipe ti. While this 
action is going on, that is, while the cylinder on one aide is 
being distended, the cylinder on the other side is already full, 
the gas is shut off from it by the sliding valve D, and is made 
to pass on the outside, where exerting its prcssuie on the disc 
AA, it forces it inward, and the gas escapes along a short 
pipo attached to either side of the partition BB into slit No. 
2, and so escapes to the exit pipe. The triangular chamber 
VV has no connection with the cylinders, etc. situated below 
it except through the tubes already indicated, and the triua 
of wheels W, fig. 5 ; and the dials are also so boxed in as 
not to be exposed to the corrosive action of the gas. The 
rods K'U pass into this upper compartment through leather 
vashers and a Bluffing of wool. The cylinders are inclosed 
in an oblong bos of iron plate or galvanized iron, so as to be 
completely ooncealed from view. The pressure to which the 
gas is subjected in order to forco it along the mains is amply 
Bufficient to work this meter. If the gas were subjected to 
the pressure of only half an inch of water, this quantity 
multiplied into the area of the disc, which in a teu-light 
meter is ten inches tn diameter, amounts to many pounds. 

The circular motion of the double crank is transmitted by 
means of an endless screw c, fig. 4, and aspur-whci^l l> along 
a wire l/b, fig. 5, to a train of wheels W, w.iich record their 
revolutions on the face of the dials G, also shown separately 
ia fig, 6, registering the number of cubic feet of gas consumed, 
in units, tens, hundreds, thousands, etc. The top circle marks 
the units, the left-hand circle hundreds. The motion of the 
hand from to 1 shows that 100 cubic feet of gns have passed 
through the meter, while a whole revolution of this hand re- 
gisters ten tiroes that quantity, or 1000 cubic feet. The 
notion of the hand of the center circle from to 1 indicates 
1000 feet, and a whole revolution 10,000 feet. The right- 
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such of the openings / as are from time to time above the 
surface of t|ie water. By its action upon the partition which 
curves over the opening a, a rotatory motion is communicated to 
the cylinder ; the gas from the opposite chamber being at the 
same time expelled by one of the openings e^ and afterward 
escaping at 5, as already mentioned. 

As the quantity of gas which passes through the machine 
in any given time depends not only upon its internal dimen- 
sions and the number of revolutions which it performs, but also 
upon the level of the surface of the water in which the cylin- 
der revolves, due care must be taken to mdntain the water at 
the same level, for the regular action of the meter. This is 
easily accomplished, by pouring in water when necessary, till 
the superfluous quantity is discharged by an orifice properly 
placed for the purpose. 

One great objection to the wet meter is, that the water is 
liable to freeze in winter, by which means the supply of gas 
is stopped ; it has been proposed to use a solution of caustic 
potash or soda instead of water, as being less liable to freeze, 
and exerting a beneficial action on the gas bv removing traces 
of carbonic acid or sulphide of hydrogen.^ A second objection 
is, that if the water level be lowered so that one compartment 
may at the same time communicate with the central and outer 
spaces// and de, more gas will pass than can be registered, 
an effect sometimes produced by the dishonest consumer tildng 
forward the meter. In the dry meter, as its name implies, no 
liquid is used, and the gas is measured by the number of times 
that a certain bulk of it will fill a chamber constructed so as 
to contract and expand for the passage of the gas. These 
alternate contractions and expansions give motion to certain 
valves and arms, which, with the aid of a train of wheels, 
turn the hands of the dials as in the wet meter. The two 
forms of dry meter which have attracted most attention are 
Defrie*s and Croll and Glover's. Defrie's meter consists of 
three measuring chambers separated by leathern partitions 
partially covered by metal plates, and as they expand by the 
pressure of the gas they assume the form of a cone on one 
side or other, the motion of which backward and forward drives 
the measuring machinery, and by an action somewhat similar 
to that of a three-throw pump, a continuous stream of gas is 
ejected. This incessant bending of the leather backward 
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'orward cauBeg it to near rapidly, while the pfficiencjcf 

later obviously de[)cndd on tbe soundciess of the leatber. 

;^ue33rs. CroU and Glover's meter the leather U applied ia 

baps a leas objectionable Form. This meter consists of two 

rt metal cyliuders, each closed at one end ; AA, fig. 4, 

representing one such end attached to a fixed central jilate 
BU, by means of broad bands of leather, which act as hinges, 
allowing one side to swell out wi''- gaa, while the other jiarU 
with ita gas by being pressed in tur.'ard the center plate. The 
to-and-fro motion of the discs which close the short cyliuden 
affords means for measuring the gas. Each disc is kept id 
ce by a hinge joint S attached I < upright rods, RR'. There 
. also parallel motions exy attached to each disc, and to the 
pUte of the meter. As the gas passes into each cylinder 
...J distends it, the rods RR', one on each side, are made to 
more each through the half of a circle by means of jointed 
levers S attached to them. At tbe top of each rod are two 
arms Rdff, K'ad, fig. 5, each of which partaking of tlie motion 
of the rods RR describes alternately the arc of a circle, and 
a rotatory motion is obtained by means of connecting rods 
attached to these arms, and also to two other arms rr which 
work two D valves DD, each of which is made to slide back- 
ward and forward over tbree apertures, tbe two outer of 
which lead to the inside and outside of the cylinders respec- 
tively, and the middle aperture to the exit pipe E. It is the 
function of these valves to regulate the flow of gas into and 
out of the two chambers of each division of the meter. While 
tbe gas is flowing into one cylinder and distending it, the gas 
on the other side of this cylinder disc is expelled to the exit 
pipe E ; as soon as this is done, the valve is reversed and gas 
enters on the side of the disc from whence it was last expelled. 
The process is then repeated by the other disc, and in this 
way a continuous flow of gas is obtained by means of the two 
valves DD, which being placed at right angles to the double- 
cranked shaft, and the two cranks on the shaft being at aa 
* angle of 45° to each other, it follows that as one valve closes 
the other opens, but the closed valve always begins to open 
before the other is quite shut. In fig. 5, the dotted portion 
represents one of the short cylinders A' distended with gas, 
and the other cylinder A collapsed. 

We will now trace the course of the gas in its passage 
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through the meter. Suppose a cODtinoous Btream of gas 
under pressure to be passing down the inlet pipe I. On 
arriving at i it meets with a horizontal tube which conducts 
it bj ihe aperture o, fi^. 5, in the direction of the arrow into 
a triangular chamber VV. It then passes down an open slit 
of one of the valves, which we will call No. 1, and entering 
one of the cylinders, distends ii and forces the gas which 
was on the outside of the disc to escape through slit No. 2, 
and so along a tube k leading to the eicit pipe K. While this 
action is going on, that is, while the cylinder on one side ia 
being distende<t, the cylinder on the other side ia already full, 
the gas is shut oS from it by the sliding valve D, and is made 
to pass on the outside, where exerting its pressmeon the disc 
AA, it forces it inward, and the gas escapes along a short 
pipe attached to either side of the partition BB into slit No. 
2, and so escapes to the exit pipe. The triangular chamber 
VV has no connection with the cylinders, etc. situated below 
it except through the tubes already indicated, and the train 
of wheels W, fig. 5 ; and the dials are also ao boxed in as 
not to be exposed to the corrosive action of the gas. The 
rods R'R pass into this upper compartment through leather 
washers and a stuffing of wool. The cylinders are inclosed 
in an oblong box of iron plate or galvanized iron, so as to be 
completely concealed from view. The pressure to which the 
gas is subjected in order to force it along the mains is amply 
sufficient to work this meter. If the gas were subjected to 
the pressure of only half an inch of water, this quantity 
multiplied into the area of the disc, which in a ten-hght 
meter is ten inches in diameter, amounts to many pounds. 

The circular motion of the double crank is transmitted by 
means of an endless screw c, fig. 4, and a apur-wheel b along 
a wire M, fig. 5, to a train of wheels W, w.iich record their 
revolutions on the face of the dials G, also shown separately 
in fig. 6, registering the number of cubic feet of gas consumed, 
in units, tens, hundreds, thousands, etc. The top circle marks 
the units, the left-hand circle hundreds. The motion of the 
hand from to I shows that 100 cubicfeet of gaahave passed 
through the meter, while a whole revolution of this hand re- 
gisters ten timefl that quantity, or 1000 cubic feet. The 
motion of the hand of the center circle from to 1 indicates 
1000 feet, and a whole revolution 10,000 feet. The right- 
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such of the openings / as are from time to time above the 
surface of t|ie water. Bj its action upon the partition which 
curves over the opening a, a rotatory motion is communicated to 
the cylinder ; the gas from the opposite chamber being at the 
same time expelled by one of the openings e^ and afterward 
escaping at i, as already mentioned. 

As the quantity of gas which passes through the machine 
in any given time depends not only upon its internal dimen- 
sions and the number of revolutions which it performs, but also 
upon the level of the surface of the water in which the cylin- 
der revolves, due care must be taken to maintain the water at 
the same level, for the regular action of the meter. This is 
easily accomplished, by pouring in water when necessary, till 
the superfluous quantity is discharged by an orifice properly 
placed for the purpose. 

One great objection to the wet meter is, that the water is 
liable to freeze in winter, by which means the supply of gas 
is stopped ; it has been proposed to use a solution of caustic 
potash or soda instead of water, as being less liable to freeze, 
and exerting a beneficial action on the gas by removing traces 
of carbonic acid or sulphide of hydrogen.^ A second objection 
is, that if the water level be lowered so that one compartment 
may at the same time communicate with the central and outer 
spaces //and de^ more gas will pass than can be registered, 
an effect sometimes produced by the dishonest consumer tilting 
forward the meter. In the dry meter, as its name implies, no 
liquid is used, and the gas is measured by the number of times 
that a certain bulk of it will fill a chamber constructed so as 
to contract and expand for the passage of the gas. These 
alternate contractions and expansions give motion to certain 
valves and arms, which, with the aid of a train of wheels, 
turn the hands of the dials as in the wet meter. The two 
forms of dry meter which have attracted most attention are 
Defrie's and Croll and Glover's. Defrie's meter consists of 
three measuring chambers separated by leathern partitions 
partially covered by metal plates, and as they expand by the 
pressure of the gas they assume the form of a cone on one 
side or other, the motion of which backward and forward drives 
the measuring machinery, and by an action somewhat similar 
to that of a three-throw pump, a continuous stream of gas is 
ejected. This incessant bending of the leather backward 



FiVB Black Arts. 

brward causes it to wear rapidly, while the efficiencr of 
icter obviously depends on the Boundness of the leather, 
luossra. CroU and Glover's meter the leather Is applied in 
laps a leas ohjeclionable form. This meter conaista of tsro 
.■t metal cyUuders, each closed at one ead ; AA, fig. 4, 
esenting one such end attached to a fixed central plate 
by means of broad bands of leather, which act as hinges, 
....^•viiig one side to swell out -■xi'^ gas, while the other jarts 
with its gas by being pressed in tu rard the center plat«. Tbe 
to-snd-fro motion of the discs whi<.h close the short cyliuden 
affords means for measuring the gas. Eacb disc is kept is 
ice by a hinge joint S attached to upright rods, RR'. There 
I also parallel motions ejy attached Co each disc, and to the 
plate of the meter. As the gas passes into each cylinder 
«... distends it, the rods RR', one on each ude, are made to 
move each throu;;h the half of a circle by means of jointed 
levers S attached to them. At the top of each rod are two 
arms Rad, R'ad, fig. 5, each of which partaking of the motion 
of the rods liR describi.'S alternately the arc of a f^lrcle, and 
a rotatory motion is obtained by means of connecting rods 
attached to these arms, and also to two other arms rr which 
work two D valves DD, each of which is made to slide back- 
ward and forward over three apertures, the two outer of 
which lead to the inside and outside of the cylinders respec- 
tively, and the middle aperture to the exit pipe E. It is ihs 
function of these valves to regulate the flow of gas into and 
out of the two chambers of each division of the meter. Whilfl 
the gas is flowing into one cyhnder and distending it, the gas 
on the other side of this cylinder disc is expelled to tbe exit 
pipe E ; as soon as this is done, the valve is reversed and gas 
enters on the side of the disc from whence it was last expelled, 
The process is then repeated bj the other disc, and in this 
way a continuous flow of gas is obtained by means of the two 
valves DD, which being placed at right angles to the double- 
cranked shaft, and the two cranks on the shaft being at an 
t angle of 45° to each other, it follows that as one valve closes 
the other opens, but the closed valve always begins to open 
before the other is quite shut. In fig. 5, the dotted portion 
represents one of the short cylinders A' distended with gas, 
and the other cyhnder A collapsed. 

We will now trace the course of the gas in its passage 
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through the meter. Suppose a continuous stream of gas 
under pressure to be passing down the inlet pipe I. Oa 
arriving at t it meets with a horizontal tube which conducts 
it by the aperture o, fi^. 5, in the dirceliou of the arrow into 
a triangular chamber VV. It then passes down an open alit 
of one of tbe valves, which we will call No. 1, and entering 
one of the cylinders, distends ii and forces the gas which 
was on the outside of tbe disc to escape through slit No, 2, 
and so along a tnbe k leading to the eiit pipe K. While this 
action is going on, that is, while the cylinder on one side is 
being distended, the cylinder on the other side is already full, 
tbe gas is shut off from it by the sliding valve D, and is made 
to pass on the outside, where exerting its pressuieon the disc 
AA, it forces it inward, and tbe gas escapes along a short 
pipe attached to either side of the partition BB into slit No. 
2, and ao escapes to the exit pipe. The triangular chamber 
VV baa no connection with the cylinders, etc. situated below 
it except through the tubes already indicated, and the train 
of wheels W, fig. 5 ; and tho dials are also so boxed in aa 
not to be exposed to the corrosive action of tbe gas. The 
rods li'li pass into this upper compartment through leather 
■washers and a stuffing of wool. Tbe cylinders are inclosed 
in an oblong box of iron plate or galvanized iron, so as to be 
completely concealed from view. The pressure to which the 
gas is subjected in order to force it along the mains is amply 
sufficient to work this meter. If the gas were subjected to 
the pressure of only half an inch of water, tbia quantity 
multiplied into the area of the disc, which in a ten-light 
meter is ten inches in diameter, amounts to many pounds. 

The circular motion of tbe double crank is transmitted by 
means of an endless screw c, fig, 4, and a spur-wbeel b along 
a wire 66, fig, 5, to a train of wheels W, w.iich record their 
revolutions on the face of tho dials G, also shown separately 
in fig, 6, registering the number of cubic feet of gas consumed, 
in units, tens, hundreds, thousands, etc. The top circle marks 
tbe units, the left-hand circle hundreds. The motion of tho 
band from to 1 shows that 100 cubic feet of gas have passed 
through the meter, while a whole revolution of this hand re- 
gisters ten times that quantity, or 1000 cubic feet. The 
motion of the hand of tbe center circle from to 1 indicates 
1000 feet, and a whole revolution 10,000 feet. The right- 
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circle, in a eimilar manner, indicates id a whole revolo- 
100,000 Teet. In'reoding off the numbers on the circles, 
uke the number at which the hand ia pointing, or ibc 
er of the two numbers that the hand is between. In 
6, beginning with fate n<;ht-haDd dial, the hand is tw- 
.-v^en 9 and 0, showing that near!; a whole revolution hu 
been accomplished; wo therefore write down: 

SD.IHIOfor I it-huiddlal, 

8.000 for It lie dial. 

TOO Tor tL Auid dial. 

98,700 

the collector, in taking the register three mootha before. 

i recorded the quantity as 73,200, this quantity, deducted 

m 98,700, gives 25,500 cubic feet as the consumption of 

i for three months. The top or units dial is not used m 

.v^stering, but it serves to indicate to the collector as well 

as to the consumer that the dial is acting properly, the mor« 

rapid motion of the hand facilitating this object 

Bumerg. 

The most economical mode of consuming gas, so as t« 
obtain from a given volume of it the greatest possible quantity 
of light, both in degree and duration, is a problem of no less 
importance than that of the most suitable arrangements for 
its production and purification. The presence of oxygen, in 
some form or another, being essentially necessary to produce 
ordinary combustion, it follows, that from whatever cause that 
principle may be deficient in quantity, the combustion must be 
imperfect; and when this is the case, the light yielded by the 
combustible body is also diminished in a proportional degree. 
On the other hand, if the quantity of oxygen brought into 
contact with the combustible body be more than sufficient for 
its entire combustion, the superfluous quantity of that gas, 
instead of augmenting the effect, can only lower the temper- 
ature, and diminish, it may be presumed, in a corresponaing 
degree, the intensity of the light. This must be the conse- 
quence if the brilliancy of the light yielded by a combustible 
body depends at all upon the temperature to which it is exposed 
during its combustion ; and that this is the case may be in- 



I Gab — Burners. 28S 

I ferred from the simple fact of caueing the flame of a Jet of 
gas to pla; first against a sheet of ico, and then agaJnst a 
bar of red-hot iron, when the difference of the light will be 
such as to leave no doubt of the in&iieDcc of temperature 
upon its intensity. A similar result is obtained by bringing 
the flames of two separate jets into contact, when an obvioua 
increase of light 13 perceived. From theso simple facta it 
may be inferred, that though a certain quantity of common 
air must be brought into contact with the inflamed gas to 
produce the greatest intensity of light, whatever exceeds that 
quantity will not only be useless, hut by diminishing the tem- 
perature of the flame, must tend to impair the brilliancy of 
its light. 

But although the immediate cause of the light is probably 
the high temperature to which the carbonaceous portion of 
the gas is exposed, the condition in which the carbon exists 
at the time it is so exposed is of the utmost importance to 
the effect. According to the opinion of Sir Humphry Davy, 
as adopted by Drs. Chriatison and Turner, " a white light ia 
emitted only by those gaaea which contain an element of bo 
fixed a nature as not to be volatilizabte by the heat cauaed 
during the combustion of the gas; and that in coal-gas this 
fixed element ia charcoal, formed by the gas undergoing de- 
composition before it is burnt. The white light is caused by 
the charcoal passing into a state, Grst of ignition, and then of 
combustion. Consequently no white light can be produced 
by coal or oil gas without previous decomposition of the gaa." 

'"That the gas undergoes decomposition before it bums, 
and that the carbonaceous matter is burnt in the white part 
of the flame in the form of charcoal, is shown by placing a 
piece of wire-gauze horizontally across the white part of the 
flame, when a largo quantity of charcoal will be seen to escape 
from it unburnt. And that this previous change is necessary 
to the production of a brilliant white light will appear, if we 
consider the kind of flame which is produced when decompo- 
sition does not previously take place. For example, if the 
gauze be brought down into the blue part, which always fonsB 
Uie base of the flame, no charcoal will be found to escape. 
Or, if the gauze be held at some distance above the burner, 
and the gas be kindled not below but above it, by which ar- 
rangement the air and the gas are well mixed previous to 
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bustlon, the flame is blue, and gives hardly anr light 
">aaon is o^viouE)y, Uint in both cases the air is at oa« 
d in such quantity in proportion to the gas that the 
:nect of the heat is Co burn the gas, not to decoinpose 
{Edin. Phil. Jovntal, No. xjtv.) 
I'o these statements it may be added, that if a jet of oil or 
gas, burning with a fine vellow flame in common air, be 
"ienly surrounded wiin ai jsphere of oxygen gaa, the 

r instantly changes i"*" - le blue, yielding the m«t 
DJe light; nor does tl recover its brilliancy until 

oxygen is largely dilutea - arbonic acid, when it bunU 
a short time with great lendor than at Srst. For 
>ugh the light is greatly ebled when the conibnslioa 
le gaa takes place in pu" gen, it becomes much more 
"i when the corabuation ried on in air that is more 

ely charged with osygen common air. Hence the 

nniiiancy of the light appears ro acpend upon two conditions: 
Isf, the perfect combustion of a portion of the gaa in an 
undccomposed stat<' ; 2(//y, the tenipeniture prodiicod hv that 
combustion upon the residual part in a decomposed state. 
When a large portion of the gas is consumed in the first 
condition, the temperature is higher; but the undecomposed 
part is then too Email in quantity to yield an intense light, 
m consequence of the attenuated state of the carbon ; and, 
on the other hand, when a small portion of the gaa is con- 
sumed in the undecomposed state, the temperature produced 
is too feeble to raise the temperature of the now partially 
deconi[K)sed part to a sufficient pitch for the full ignidon of 
the carbon. 

The conditions which thus seem to be necessary for obtain- 
ing the greatest portion of light from the combustion of a 
given quantity of gas, while they are perfectly consistent 
with the most anomalous facte presented by that process, so 
they appear to afl'ord the only sure principles upon which we 
can proceed in the construction of gas-burners. One of the 
most obvious conclusions deduoible from these principles is, 
that whatever be the form of the gas-burner its construction 
should be such that while it admits as much air as is neces- 
sary for the perfect combustion of the gas, it should never ad- 
mit more than is barely sufficient for that purpose. 

According to the experimenta of Drs. Cbrisuson and Tur- 
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ner, the diameter best fitted for single-Jet burners appears to 
be about one twenty-eighth of an inch for coal-gas, and one 
forty-fifth for oil-gas. As these dimensions, however, mast 
vary with the quality of the gas, we consider one thirty-sixth 
of an inch to oe more applicable to the gas obtained from 
cannel coal, if its specific gravity be not less than *65. 
Every form of burner composed of separate jets, in which 
the gas is made to issue in a horizontal or oblique direction, 
gives a consumption which increases in a much faster ratio 
than the light which it yields ; and consequently, however 
beautiful such burners may be in appearance, they are far 
firom being economical. 

One of the most useful forms of a burner with single jets, 
is where there are two holes, and their directions are so in- 
clined as to cause the streams of issuing gas to cross, and 
exhibit during their combustion a broad continuous flame. 
This burner, which is termed a swallow-tail^ is well adapted 
for street-lights, as it gives a powerful light and consumes a 
small quantity of gas. When the gas is emitted by a narrow 
slit at the top of the burner, the burner receives the name of 
a bat-wing. Specimens of common gas flames are represented 
in figs. 7, 8, 9. 

But of all the forms of the burner, that upon the Argand 
principle, in which the holes are arranged in a circle, d^ fig. 
10, so as to allow the air to have access to the flame internally 
as well as externally, is the most economical, and the best 
calculated to secure the complete combustion of the gas. The 
diameter of the holes should, in this burner, be about the 
fortieth part of an inch for coal-gas of an ordinary good 
quality, and the distance between them should be such as to 
allow the separate flame of the different jets to unite together 
and form a continuous hollow cylinder of light. In fig 10, 
a is the pipe which supplies the gas, and b b the channel up 
which it passes to the holes shown in the lower figure. 

The construction of burners, and the most economical 
mode of consuming gas, having been examined with much 
philosophical precision by Drs. Christison and Turner, we 
shall extract from their elaborate dissertation on the subject 
the most valuable and important conclusions which they have 
deduced from their experiments ; and this we do with great- 
er confidence, because the results they obtained coincide very 
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exact!; wilh those which tlio writer of thla article procured 
when engaged in the same inquiry. The three leading poioti ] 
t> which they directed their attention were, 1<(, the iengik , 
of flarae most suitable for different burners ; 2dly, the fonn. 
magnitude, and position of the orifices through which the gu | 
U discharged, and Zdli/, the modifications of the light pny . 
i ^ by the glass chimney of the Argand burner. 

regard to the it " flame which afforded tb* | 

(nAJBu light compared e expenditure of gas, they 

,nd that, in the case of v.. the best length for coal-g» 

about 6ve inches, anc. oil-gas about four inchM. 

rn the flame was kept e'...-. r, the quantity of gas coa- 
ed was greater in compariflo of the light which it yield- 
but no advantage viaa d by increasing the length 
ond that mentioned as tl t suitable for each gas; tlie 
abustion becoming leas pi. and beginning to be accom- 
iHiiiied with the escape of tuo ^^ rbon in the form of smoke. 
Thus they found that, in the Cdse of coal-gas having the 
specific gravity -C^Q-. while tlie lights emilted from a two 
inch and a five-inch flame were as 556 to 1978, the corre*- 

Einding expenditures were to each other as 605 to 1437. 
ut the light, in an economical point of view, must be estjnia- 
ted inversely as the quantity of gas from which it is obtained ; 
and hence the ratio of the lights, in reference to the expen- 
diture, was as Hi to llHi *>e!ng as 100 to 150. 

In the case of Argand burners, the augmentation of the 
light in a ratio greater than the expenditure was exemplified 
in a still more remarkable degree. Thus the following results 
were obtained with coal-gas of the specific gravity '605, by 
elevating the flame of a five-holed burner, succes^rely from 
half an inch to five inches : 



Length of FlMQC. 


luir- 

Inch. 


One- 
Inch. 


Two- 
loch. 


Three- 
Inch. 


Four- 
Inch. 


Fire- 
toch. 




184 

83-7 


92-5 


259-9 
2033 


308'9 
21 H 


332-4 
2G5-7 












BRtio or light to eipendi- 1 
Wn- ( 


100 


262 


560 


562 


582 


601 



Hence the light is increased about six times for the same ex- 
penditure by raising the flame from half an inch to three or 
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four inches ; but very little is gained by any additional increase 
of the flame beyond that length, in the description of bum* 
era with which the experiments were made. 

These facts receive a satisfactory explanation from the 
general principles which we have already laid down with re- 
spect to the combostion of the laminiferous gases. When the 
flame is short, the supply of oxygen for the combustion is too 
great ; almost the whole of the gas is thus consumed before 
any portion of it can undergo the decomposition which is 
necessary for the evolution of light ; while the temperature 
of the flame being reduced by the superfluous air which 
brushes along its surface, the intensity of ignition, and with 
it the splendor of the light, is proportionally diminished. 
This explanation is well illustrated by partially shutting the 
central part of the burner, and thus interrupting the supply of 
air to the internal surface of the flame ; the moment this is 
done, the length of the flame is increased, and a visible im- 
provement of the light takes place, thus indicating that more 
air was previously brought in contact with the gas than was 
requisite for its perfect combustion. 

The second point to which Drs. Christison and Turner 
directed their attention was the construction of the burner 
itself, particularly the magnitude and position of the orifices 
at which the gas is emitted during the combustion. The same 
principles which explained the relation between the light and 
the expenditure in the case of flames of different lengths, 
suggested the rule for regulating the dimensions of the orifices ; 
and accordingly they justly inferred that, in a single jet, 
the, diameter of the aperture ought to be such as to ensure 
the complete combustion of the gas, without rendering it 
more vivid than is necessary for that effect. If the orifice be 
too small, the greater portion of the gas is liable to be con- 
sumed without suffering a previous decomposition, and thus 
the light is extremely feeble ; and, on the other hand, if the 
orifice be too large, the surface of flame exposed to the action 
of the BXT being too small in comparison of the discharge of 
gas, the combustion is imperfect, and the carbon, after being 
separated from the hydrogen, either burns at a low tempera- 
ture with a dusky flame, or, what is still worse, a large por- 
tion of it passes off in the state of smoke. In conformity 

19 
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views, Ihoy recommend, aa we have already gtatcJ, 
igbth of an inch for coal-gas, and a fortj-6fih fa- 
^«, ^. -he most suitable dimensiuDS for single Jets. Tbc* 
owledge, however, that tbeir experimenta with coa!-;;u 
, too limited to juatify ibem in using very confident ha- 
>a the subject ; and we have therefore the less he^u- 
,. stating that we consider an orifice varyiog indiamelB 



-si^th of an inch aa bettn 
ravit; between -62 and -TO. 
r of the orifices ought to bt 

.. and Turner state that llw 
wer best for coal-gn^ of lli> 
)les are ten in a circle rf 
was a thirty-second of n 
, to be too great for coal-^ 
recommend, in preference, 

vji a tbirtj-sisth to a fortieth 



a thirty-second to p 
ed to coal-gas of s 
Vrgand burners tl.. 
smaller. Drs. Ch>. 
■r which appeared tu a.i 
Eravity -6, when *'' 
B of an inch n 
_ consider this, ho 
. better quality, and w^ 
.turos varying in diamet6i >j 
inch. 

! distance between the jet-holes of Argand boraeri 
is a matter of no less importance than the diameter of the 
orifices, and must be regulated by the same principles. 
When they are so far asunder that the flames of the separate 
jets do not coalesce, no advantage is derived from the Argand 
form ; but when tbey unite, and compose a uniform and nn- 
brokeu surface of flame, the light is considerably greater, 
compared with the expenditure of gaa, than is obtained from 
detached jets. In order to determine the moat suitable dis- 
tance at which the orifices of Argand burners should be 
placed, Drs. Christison and Turner employed burners six- 
tenths of an inch in diameter, which they caused to be drilled 
with eight, ten, fifteen, twenty, and twenty-five holes, a fiftieth 
of an inch in diameter ; and having determined with each of 
these burners the light and expenditure in the case of oil-gas, 
they obtained the following results : 



Burners. 


vm. 


X. 


XV. 


XX. 


XXV. 




3«0 
367 


360 
318 


391 
296 


409 

289 














9S 


113 


132 


Ul 


139 



As the standard of comparison was a single jet, banung 
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irith a foar-inch flame, the ratio of the light yielded by which 
to the expenditure was expressed by 100, it was inferred that 
no advantage is gained by giving the jets the Argand ar- 
rangement with a burner of the dimensions above-mentioned 
if the holes are only eight in number ; and that the gain does 
not increase after the number reaches to twenty. In the for- 
mer case the distance of the holes must have been '2356 
inch, or nearly one-fourth of an inch, and, in the latter, 
*0945 ; so that the most advantageous distance for jet-holes 
of a fiftieth of an inch in diameter would seem to be about 
tI T^bs of an inch. For coal-gas burners, however, the dis- 
tance between the jet-holes ought to be increased in a ratio 
varying inversely with the quality of the gas, or directly as 
the diameters of the orifices themselves. Hence, if the coal- 
gas were of an ordinary quality, the jet-holes should not be 
less than one-eighth nor more than one-sixth of an inch from 
each other. 

The difference between the orifices being once assumed, 
serves to determine the diameter of the circle of holes. 
Thus, in a burner of eighteen holes, each a seventh of an 

inch asunder, the circumference ought to be 18 x ^ ==" 2-57 

inches, and consequently the diameter of the circle of holes 

2*57 
should be rr-rm* '^ '818 inch. If the breadth of the rim 
8-1416 

be supposed to be a tenth of an inch, and perhaps it ought 
not to exceed that quantity, it may be proper, in the case of 
the larger burners, to contract the lower part of the central 
air-hole, on account of the supply of air to the inside surface 
of the flame increasing in a faster ratio than the number of 
jets. 

The only remaining point to be considered with respect to 
the burner is the glass chimney, which serves at once to pro- 
tect the flame from irregular currents of air, and to convey 
to the gas a due supply of it during combustion. When the 
interval between the chimney and the external part of the 
flame is too great, the tendency of the air to flow Uirough the 
air-hole is diminished, and the flame contracts toward the top, 
where it yields a dusky light, and indicates a disposition to 
smoke. The diameter of the chimney should therefore be 
reduced until it is perceived that the upper pact oC t>\i^ ^^\si^ 
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and ac(jaires the same diameter as the lower part. 

is the case, the color of the Same is improved in 

bss, and none of the carbon ia uselessly wasted is 

oatioa of smoke. On the other hand, if the supplj 

> the external surface of the flsme be diminished bi- 

certaiD extent, either hj reducing the diameter of 

ij^mne chimney, or by any other meatJS, the fliix of air 

uugh the central air-hole is nduly increased, the Same 

Tges in the form of a tu ill it touches the chimney, 

< the supply of air to the l de of th" 6ame being thus 

rrupted, smoke is again piuuuced. Hence the greatest 

ee of light, in relation to the expenditure of gas, may be 

ted to be obtained when supply of air to the eiter- 

_.id internal surfaco of lame is so adjusted by the 

letcr of the chim" flame is perfectly cylindri* 

, neither burning > luu ^..^h vivacity, nor showing any 

icudency to smoke, itie length of the glass chimney is m 

much less importance than its diameter, and may vary from 

Sve to six inches. 

A cylindrical chimney, however, is the least advantageou 
form that can be adopted . If the chimney be tall and narrow, 
and contracted toward the top, as in a, fig. 11, or suddenly 
contracted near the bottom, as in b, the draught La increased 
and the light improved. It is also useful to contract the 
diameter of the glass chimney about acouple of inches above 
the burner, as at c, so as to form a shoulder a few tines ia 
width, the effect of which is to change the direction of the 
draught and project it on the flame at a certain angle. 

In the Budc light proposed by Gurney, oxygen gas instead 
of air was passed through the flame, the effect of which was 
greatly to increase its brilliancy. In the Bude light as now 
constructed, there are two, three, or more concentric burners 
with chimneys supplied with common air, and a dioptric appa- 
ratus. 

Attempts have been made of late years to ventilate gaa- 
burners so as to get rid of the injurious products of combustion. 
One part by weight of good coal-gas produces nearly three 
parts by weight of carbonic acid, which produces many dis- 
tressing symptoms when breathed with the air of the room. 
Sulphurous acid, and other compounds which are not entirely 
removed ia the purification of the gas, form deleterious pro- 
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ducts during the eombostion of the gas. The salphurons 
acid forms sulphuric acid, which exerts a corrosive action on 
the' walls and furniture, books, pictures, etc., while the hy- 
drogen of the gas produces vapor of water which serves as a 
vehicle for some of the other products. To get rid o^ these 
noxious fiimes a bell-shaped vessel is sometimes suspended 
over the chimney, ai4 is connected with a tube leading into 
the open air. Unless this tube be judiciously arranged the 
condensed water may accumulate in it, and cause inconven- 
ience. By a contrivance of Dr. Farayday, a copper tube of 
about the same diameter as the flame is conducted from its 
summit out of the apartment ; the heat of this tube establishes 
a rapid current, which serves to convey away the products. 
The same djf tinguished chemist invented another contrivance^ 
bj which tne ventilating current is made to descend betweefl 
two concentric glass chimneys of different heights, the outer 
one being the taller, and this is covered with a disc of talc. 
When the current reaches the bottom of the space between 
the two glasses, it is conveyed away by a ventilating tube 
which bends upward. The descending current is first estab- 
lished by applying heat to the bend of the ventilating tube 
where It begins to ascend ; when this current is established 
the gas is lighted, and the plate of talc is put on : the pro- 
ducts of combustion are conveyed into a box, from which pro- 
ceeds a pipe for conveying the vapors outside. A globe of 
ground glass open only at the bottom is placed over the lamp. 
The accumulation of condensed water in different parts of 
this apparatus is sidd to have greatly interfered with its 
successful action. 

Mr. R. Brown of Manchester has a contrivance for venti- 
lating by means of gas. Through an opening in the ceiling 
a wide tube is passed, one end of which conveys the foul air 
outside, and the other projects a little below the level of the 
ceiling. The gas-pipe enters on one side, and is bent so as 
to hang perpendicularly in the center of the tube, and has 
an annular burner at the lower extremity, surrounded by a 
glass chimney, which is supported on the top on a metal cone 
piece, secured to the lower extremity of the tube by screws. 
This arrangement is surrounded by a hemispherical glass 
shade with its mouth uppermost, and a few inches below the 
level of the ceiling. The air of the apartment passes off ia 
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the strong draught occasionoil by the burner, and s frwh 
supply of air is admitted at the lower part of the room. 

OU-Oag, Jletin-Cfag, and Water-Oas. 

When tallow or oleaginous matter of any kind ia raised to 
a certain temperature, it is ruaolvt-d into various gase.i, of 
which the compounds of carbon and hydrogen, viz., olcfiaot 
gas or bicarburctted hydrogen, and lighted carburctted hydro- 
gen, are the principal, both in point of quantity and quality, 
. for the purposesof illumination. As oil contains in its com- ' 
poeilion a portion of oxygen, existing most probably in unioe 
withliydrogen in the state of water, that Bubstance also yields, 
during itA destructive distillation, a considerabla quantity of 
Carbonic oxide, sa well hs traoea of carbonic acid, hydrogen, 
and even nitrogen. With these products, all of which tn 
of a determinate character, is found in greater or less abmid- 
ancc a quantity of a very inflammaMe vapor,* which seems 
to be a compound of carbon and hydrogen. 

Oil-gas owes its illuminating power chiefly to the proportion 
of olefiant gas which it contains, and the oleaginous vapor 
which is diffused through it ; and as both of these ingredients 
vary in quantity with the temperature at which the decooi- 
pcsition is efliicied, the quality of the oil-gas is extremely fluc- 
tuating. When the temperature ia too high, a portion of the 
olefiant gas and oleaginous vapor is resolved, by the deposition 
of carbon, into light carburetted hydrogen ; and though the 
quantityof gas from a given portion of oil is thus increased, the 
quaUty of it is diminished in a still higher ratio. On the other 
hand, if the temperature he rather too low, a larger quantity of 
oleflant gas, mixtd with a greater proportion of oleaginous va- 
por, is obtained ; but as the latter 'u gradually and rapidly con- 
densed when the gas is allowed to stand over water, the higher 

■ The oleaginouB Tftfuir alluded to coimittB, occording lo tbo oxperini'^pb 
of Mr. Faruday, of two dJBtincI ompoiiruls of carlion and hydrogen. Oat 
of (here he termd biearburtl oj hydrogm. which, bj hU nnaljsin. \b compoted 
of nix proponioDB of cartiou and ibrte of hjdrogcD. TlieolhiT compound, 
lo which Ur. Thomoon han givi-n lh» name of qiiadro-rarbutfllrd hydrign. 
consifis of four proportions of cnrbon and four priiportioiis of hydrogen, 
existing in adifftTt'nl Btale of agKrvea'ion from that in which they cxixl in 
oleGaut gas, the elenivotary coiutituvnU of which arc iu the Bain'e propor- 
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illaminating power of this richer gas is more than oounterbal- 
^aiiced bj the 4eficiencj in its quantatj, and the deterioration 
to irhich it b Uable bj keeping. 

We are indebted to Dr. Henry of Manchester for the first 
analysis of the aeriform compounds obtained by the decom- 
position of oil by heat ; and though his elaborate reseiarches 
can scarcely be said Id have led to the determination of the 
precise products of that decomposition, they furnish data from 
which their true nature may be inferred, with a probability 
nearly as great as that which belongs to the results of direct 
experiment. The principal difficulty of the analysis consists 
in determining the condition in which the elementary princi- 
ples of carbon and hydrogen exist in union with each #ther, 
and reconcping the various suppositions that may be mad| 
respecting the compounds thus formed, with the specific 
gravity which belongs to the original gas, supposed to be 
produced by their mixture. 

The results of Dr. Henry's first experiments were published 
* in 1805 ; but it was not till about ten years after that period 
that an' apparatus for decomposing oil, on a large scale for 
economical purposes, was constructed. 

Oil being decomposed at a loss of nearly fifly per cent., 
the converaion of it mto gas, after a protracted but inefiectual 
competition with coal, was gradually abandoned on the large 
scale, even in those places where, from the interest they had 
in the whale-fisheries, there was the strongest inducement to 
foster the prejudices which prevailed for some time against 
the use of coal-gas. The exaggerated advantages which it was 
pretended would be derived from compressing oil-gas and thus 
rendering it portable, served to prolong the delusions on the 
subject ; nor were these delusions fully removed until a de- 
monstration was given of the failure of the scheme, in the 
decay of the costly edifices and expensive apparatus which 
had been constructed for carrying it into effect. The late 
Professor Daniell of King's College, London, also contrived 
an ingenious form of apparatus for making gas from resin ; 
but the plan did not succeed on account of the impossibilty 
of competing with the coal-gas works. 

Of late years a new process of gas-making has been much 
discussed, and has formed the subject of a variety of patents. 
It is known as the hydrocarbon process of gas-makingy or 



FivB Blade Akts. 

' wat«r-ga». The pnnciple of the mannfaetiin 

^•Bsa am over red-hot coke, by which it is resolved into 

JEen and carbonic o.xiiJe, and then to suppiv Utese in- 

! gasea with the carbon required for their ill umi Dating 

■J paeaing them through a retort in which oil, resb, 

ha, canuel coal, or some other carbonaceous substance, 

.Tgoing decomposition by heat. The process does ni>t 

ar to have been successful n th resin, but better resolts 

I to have been attained with caunel coal. 

'» for determining ' luminaling Power of fit 

Q 

'ing described the ' inipulationa by which gasi* 

ed, both from coal i we now proceed to explain 

methods which have been pted for determining ihrir 
respective illuminating powers; it uciDg by these methods tint 
we acquire a knowledge of one of the most important testa by 
which the comparative value of the gases can be ascertained. 
The first and most obvious of tljese tests is to determine 
the intensity of the light which the gases are capable of 
diffusing during their combustion, upon a white and smoodi 
surface directly exposed to its emanations. The determination 
of that intensity is obtained with a considerable degree of 
accuracy, not by a direct comparison of the degree of illu- 
mination shed on two separate surfaces, but by means of a 
contrivance, first proposed by Count Rumford, which alloirs 
the illuminated surfaces to be contrasted with each other on 
the same ground, and so closely adjoining that the eye can 
readily detect a slight difference between them. . This con- 
trivance is as follows : Let A and B, fig. 12, be two luminous 
objects; EF a smooth and white surface, having the same 
inclination to tho rays of light emitted by A and B ; and CD 
an opaque cylindrical rod parallel to the surface EF; then 
it is evident that aa and hb will be the shadows of CD, in 
reference to the lights A and E. Eut the shadow aa being 
illuminated by the light B, and the shadow bb by the light A, 
it follows that if these shadows be perfectly the same in point 
of intensity of shade, the light yielded by A and B must be 
the same in degree. If the shadows, however, be different, 
one of theVigJite nitta^\)eteiiiQNe4e\\.WtMthecfrom EF or 
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brought nearer to it, until the shades seem to be exactly alike, 
when the light shed upon EF by A and B must, in point dT 
intensity, be, as before, the same. But the intensity of light^ 
like that of other emanations proceeding in straight linee from 
m central point, being inversely as the square of the distance, 
the relative degrees of light emitted by A and B must, in 
conformity with that principle, be proportional to the squares 
of their respective distances from the surface on which the 
shadows are projected. Thus, if the light A were at the 
distance of fifteen feet, and the light B at the distance of 
twenty- five feet, their relative illuminating powers would be 
as the square of fifteen to the square of twenty-five ; that is, 
as 226 to 625, or as 9 to 25. As the quantity of gas con- 
Bumed in the same time to yield the supposed lights might be 
diff<^rent, it is evident that a correct estimate of the absolute 
value of the gases for the purpose of illumination would not 
be duly determined unless that circumstance were also taken 
into account. But the economical value of the gases, yielding 
equal degrees of light, being inversely as the quantities con- 
sumed, it follows that that value will be directly as the squares 
of the distances at whidh the shadows are the same, and in* 
Tersely as the rate of consumption. Thus, if we now sup- 
pose that the gas yielding the light A consumed three cubic 
feet in the same time that the gas yielding the light B con- 
sumed five cubic feet, the value of the former would be to 
that of the latter as f is to V) or ^ ^hree to five. In ob- 
taining the necessary data for determining the ratio of the 
lights, it may be proper to add that the screen on which the 
ahadows are projected should be guarded with the utmost 
care from all extraneous light. If it be desired to contrast 
the illuminating power of a gas-light with that of a candle, 
the comparison is easily made. If, for example, the gas-light 
give a shadow equal to that of a candle placed at one-third 
the distance, the light of the gas is equal to the light of nine 
candles. If the candle be placed at one-fourth the distance 
of the gas-light, the latter is equal to sixteen candles, and 
so on. 

Professor Bunson of Marburg has contrived a photometer 
which is now in common use in gas-works. The principle of 
this instrument is not the comparison by shadows, which 
forms a delicate experiment, but a comparison of light trans- 
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d through ft translucent surface nith light reflected rron 

..I le surface. For tliis purpose a disc of paper, TO, 

is placed between the two lights to be compared ; u 

aiiir portion of this paper T is made translucent bj meaai 

netted spermaceti, or that guhstance dissolved in oil of 

itha, while a central disc of the paper being left ds- 

.ched bj the composition, remains opaque. Fine cream- 

sred letter-paper answers the purpose very well, and the 

itral opaque disc may be about the size of half-a-crown. 

w it is evident that the translucent ring will be illuminated 

K light behind the disc, r^ the o[ia<)ue portion is illumi- 

d by a light in front. ' Frame on which the disc it 

■ited is moved backwara ai brward on a graduated bar 

between the two lights until me transmitted and reflected 

lar of the same inlenaity. The pointer P then showi 

.n over which the disc etnnds. Under such circnm- 

■sancea, tlie lights are to each other in the ratio of the stjaaret 

of their diatauee from the disc 

The determination of the intensity of light by the above 
umple means is capable, under careful management, of all 
the precision which the nature of the problem requires; it 
is even preferred by engineers to the more elaborate method 
of chemical analysis. The latter method has for its object 
to ascertain the relative value of the gases used for illumina- 
tion, by flnding the quantity of defiant gas which they con- 
tain under equal volumes ; it being assumed that the ilia- 
ininating power of the compound combustible gases derived 
from the decomposition of oil and jiit-coal is directly propor- 
tional to the quantity of that gas existing in their constitution. 
Though that supposition is by no means a matter of certainty, 
or even oF probability, wc shall nevertheless briefly explain the 
mode of analysis which has been recommended. According 
to the experiments of Dr. Henry, chlorine has no action upoo 
any of the gases obtained from oil or coal when the influence 
of light is carefully excluded, with the exception of olefiant 
gas ; and as chlorine and defiant gas unite together in equal 
volumes, this property affords an easy mode of determining 
the quantity of the latter which may exist in any compound 
gas of which it forms a constituent part. All that is required 
for the purpose is to add somewhat more chlorine than is ab- 
solutely neceaaarj for iinvdn^ with the olefiant gaa, sad to 
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allow the mixture to remain about fifteen minutes completely 
exdoded from light. The extent of absorption being thus 
obnerved, half the quantity of the gas which has disappeared 
of the whole mixture will be defiant gas. Thus, if twenty 
parts of chlorine by measure were added to tweuty-five of 
coal-sas, and if the mixture, after being allowed to remain a 
BuflScient length of time in the dark, were found to occupy 
thirty-six measures, the absorption would be nine measures, 
and consequently the coal-gas must have contained four and 
a half measures of defiant gas, or eighteen per cent. The 
quantity per cent, of defiant gas is determined without cal- 
culation, by adding to fifty measures of the gas to be ana- 
lysed an equal volume of chlorine ; when the diminution of 
▼dame in the graduated jar, is the quantity which the gas 
contains per cent, of defiant gas. Dr. Fyfe states that the 
illuminating power of the different specimens of oil and coal- 
gas which he subjected to this test bore a pretty exact ratio 
to the quantity of defiant gas which they contained. One 
great advantage to be derived from this method of testing the 
quality of any species of carburetted hydrogen containing 
olefiant gas in its composition, is, that it admits of a comparison 
being made between gases in different places and at different 
times, without the necessity of transporting them to a distance, 
and making a simultaneous examination of their illuminating 
properties. 

Of late years, bromine has been substituted for chlorine in 
the above analysis. The gas is passed up into a eudiometer 
tube, and the carbonic acid is removed by means of caustic 
potash : a small portion of bromine is dropped in and shaken 
m contact with the gas. Potash is again added to remove 
the bromine vapors, and the absorption is then noted. It is 
stated that some of the highly illuminating cannel-coal gases 
are condensed by this process as much as 12 or 14 per cent. ; 
while some of the poorer gases not more than 4 or 5 per 
cent. 

The specific gravity of oil and coal gas, and the quantity 
of oxygen which they require for their perfect combustion, 
have also been proposed as means of ascertaining their illumi- 
nating powers. The latter, however, even if it were a correct 
test, is determined with considerable difficulty ; and that little 
reliance can be placed on the former may be inferred from 
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the fact ttmt some of the gases whicli are component partB of 
oil and coal gas have a great specific gravity without posse*- 
sing any ilhiminating power. This will readily be perceived 
from the subjoined table : 

OlefUnt pw '970 300 

Cvbureltcd h^drogvu -nSfl Sun 

Hjdronen -OSS 60 

Carbonic oilde -T.l no 

Carboaioaoid 1'5S8 Non-!. 

Of these gases, carbonic oxide 8nd carbonic acid poEsen 
the greatest specific gravity ; vchile the latter is not only des- 
titute of illuminating property, but calculated, as nc shall 
afterward show, to deteriorate to a great extent the ijuality 
of the luminiferous gases with which it may happen to be 
mixed. 

There arc cases, however, in which it is necessary to de- 
termine accurately the uompositiun of a sample of cual'gas, 
and the following is the now generally adopted method of 
conducting the analysis.* The ingredients or impuriLies which 
maybe present in the gas are — 1, Common hydrogen; 2, 
defiant gas and other hydrocarbons; 3, light carburetted 
hydrogen ; 4, carbonic oxide ; 5, carbonic acid ; 6, sulphur- 
etted hydrogen; 7, ammonia; 8, oxygen and nitrogen 
derived from the atmosphere. A qualitative examination is 
made thus — the proportion of ammonia and of sulphuretted 
hydrogen is usually very minute, and in most caaea these 
gases must be sought for by placing the tests for their presence 
for some time in a current of tho gas. In searching for 
ammonia a piece of moistened litmus paper feebly reddened 
is placed for a minute in a jet of the issuing gas. If the 
bine color be restored, ammonia is present. Paper soaked 
in a ablution of acetate of lead may be subjected to a similar 
trial. If it turn brown, sulphuretted hydrogen is present. 
The presence of oxygen is detected by admitting a bubble of 
tho deutiixide of nitrogen into a tube filled with the gas under 
trial, and looking through the tube obliquely upon a sheet of 
white paper; very small traces of oxygen may thus be de- 

HilUr, of EiDg'i 
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peiei hj the red tinge produced, owing to the foriTiation of 
leroxitlc of nitrogen. The presence of carbonic acid may 

■ rvadily detected by throwinjr up a little lime water, or 
platiun uf sub-acetate of lead, ioto the gns whilst standing 

■ a tube over mercury. The existence of the other gaaes 
tMj he aBSiimed, as they are certain to he present in greater 
ir less quantity. The sulphuretted hydrogen and ammonia 
teing ne^^Iectcd, and suppoeing that oxygen and carbonic 
leid are found to he present, seven different gaacs are there- 
bre supposed to exist in the mixture. The following method 
wy be adopted for their quantitative determination: — 
If Oxygen. — A volume of the gns ia confined over mercury, 
|Dd its bulk is measured with due attention to temperature 
ttd preaauro, A piece of moist phosphorus, which has been 
pelted upon the end of a long platinum wire to serve as a 
pandlc, is introduced from below through the mercury into 
lfa« tube. After twenty-four hours the phosphorus ia with- 
IrawD, when the amount of absorption indicates the pmpor- 
£on of oxygen which was present. 2, Carbonic Acid. — 
Ehia gu is determined in a similar manner, substituting a ball 
if caustic potash for the phosphorus; the second diminution 
b bulk shows the proportion of carbonic acid. S. Olrfiant 
Qat and Heavy Ilydrocarbons. — These gases are absorbed 
kjT introfiucing a third ball, consisting of porous coke, mois- 
tened with fuming sulphuric acid. It is necessary, however, 
^ror« rending off the v^ume of the gas, to introduce a ball 
rf potntih a second lime, to withdraw the vapor of an hy- 
Brous sulphuric acid, which possesses sufficient volatility to 
■troduce a serious error by dilating the bulk of the gas, un- 
pna il be completely removed. The total amount of ab- 
lorptuin will indicate the proportion of defiant gas, together 
^itn the vapors of condensible hydrocarbons. 4. Carbonic 
Oxidx.—The aeparatiuD of carbonic oxide from the other 
gues is not easily done with accuracy. The gas maf be di- 
vided inM two portions, one of which is to bo carefully 
peaaured aa it stands over mercury, and a small quantity of 
P Bolulion of suhchlorida of copper in hydrochloric acid is to 
be added, and the mixture briskly agitated ; the gas is then 
■rausfcrred to a second graduated tube, also standing over 
Biercury, and a ball of potash ia introduced for the purpose 
■f abaorbing the vapors of hydrochloric aoid with which the 
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) saturated ; the bulk of the gas may then be read off, 
ttii> volume of carbonic acid may be known by the Ion 
5. iVTtrojCTi, Carburetted Hydrogen, and Hgdrt- 
letermining the proponion of these gases, thai i 
uc oxide may alRO be ascertained, for which purpoee t 
nun of coal-gas, m which the carbonic oxide ia atill preaeat, 
TBusferred to a siphon-eudiometer, and ils bulk is measured : 
e then mixed with twice its rolumo of oxygen, and tie 
k of the mixed gases is again measured : the mixture is 
n exploded by means of the electric spark, and the bulk 
> third time measured : call this diminution in bulk a, next 
;t a small quantity of a e i^ solution of potash, and 
resuliitig condensation due the absorption of carbonic 
maybe called t; theremai ^gaaes, c, consist of oxygtn 
Lcesa and nitrogen; the qua tity of oxygen in excess il 
rtained by mixing the residual gas with twice its bulk 
pure hydrogen, and a seconci time causing the electric 
■piirk to pass ; one-third of the condensation observed will 
be due to the excess of oxygen ; on deducting this excess 
from the residue e, the difference gives the quantity of nitro- 
gen. The difference between the amount of the oxygen thas 
found to be in excess, and that originally introduced, will of 
course represent the quantity of oxygen consumed ; call this 
d. We have now all the data for calculating the proportion 
of carburetted hydrogen, of hydrogen, and of carbonic oxide, 
which are present in the mixture. Let x represent the 
quantity of light carburetted hydrogen ; this gas require* 
twice its own volume of oxygen for complete combustion, and 
furnishes its own volume of carbonic acid, which requires an 
equal volume of oxygen for its formation, or half the amount 
consumed ; the other half of the oxygen being required by 
the hydrogen, which condenses in the form of water, 2 x will 
be the diminution in bulk of oxygen which occurs on dotona- 
tion. fAgain, when hydrogen is converted into water, it re- 
quires half its bulk of oxygen, and both are condensed 

entirely. If y represent the bulk of the hydrogen, -^ will 

be the diminution in bulk of the mixed gases on detonation, 
which is occasioned be the hydrogen in the mixture. Let z 
represent the volume of carbonic oxide present ; carbonic 
oxide, for conversion into carbonic acid, requires half its bulk 
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1 of oxygen, the earboDic acid produced oceopyiog the same 

}, bulk as the carbonic oxide. ^ will therefore indicate the 

condensation which occurs on firing the mixture. The totai 
condensation in bulk (a) which occurs on firing a mixture of 
Kght carburetted hydrogen, hjdrogen, and carbonic oxide, 
will consequently admit of Uius being represented — 

(1.) «-2x + | + |. 

Further, the qtSkntity of the carbonic acid formed by detona- 
tion, i, is composed of a volume of carbonic acid equal in 
bulk to the light carburetted hydrogen, and a volume equal 
to that of the carbonic oxide, so that the quantity of carbonic 
acid may be thus mdicated — 

*• (2.) h^x^z. 

And lastly, the oxygen consumed, d, will be composed of the 
I following quantities : Light carburetted hydrogen, twice its 

bulk, ^x; hydrogen half its bulk, ^ ; carbonic oxide, half 

its bulk, ^ ; or the total quantity of oxygen consumed will 
be the following : 

(3.J c-2a. + | + J 

From these three equations the values of x, ^, z^ are deter- . 

• « 

WtmAn * 

aA-h 
a?xs c— - — - — 
3 

y«»a — c 

+ 4^. 
*■ 3 ^- ' 

W,nU refpecting the Improvement of CoaUGoB. 

Of all the combustible bodies having an elementary charac- 
ter, carbon and hydrogen are not only the most widely and 
copiously diffused throughout the three kingdoms of nature, 
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but best adapted for the evolution of light during their com- 
bustion. It is only, however, when thej are united together 
in due proportion that they answer the purpose most effectu- 
ally : and, indeed, in a separate state their illuminating powcn 
are 80 feeble, that even when iheir comhustion is accelerated 
and rendered more perfect by the presence of oxygen, the 
light which they yield is yet unfit for many of the useful endi 
to which light is subservient. Tlie substances in which carboa 
and hydrojfcn are united in the beat proportion for the pro- 
duction of light are pit-coal in the mineral kingdom, and oils 
and fatty matter in the animal and vegetable. 

The great abundance of coal, and the comparative cheapopn 
at which it can be obtained, give it a decided advantage in point 
of economy over oleaginous niatter,whether of animal or vege- 
table origin; while the processes of decomposing it, with iho 
view of converting it into a volatile and elastic product, have 
been so much improved as to render the gas which it yields 
equally fit for the purposes of illumination with the more cosilj 
gases obtained from the oils. 

The gas produced by the decomposition of coal and oleagi- 
nous uiattf-T at a high temperature is a compound of carbon and 
hydrogen, and consists chiefly of two gases, in which these 
elementary substances exist in definite proportions. One of 
these gases is termed carburetted hydrogen, and the other 
defiant gas or bicarbnrettcd hydrogen. The former contains 
one atom of carbon united with two atoms of hydrogen, and 
the latter an atom of each of these elements. 

Of these two compounds of hydrogen and carbon, that 
which contains the largest proportion of the latter element is 
found to yield during its combustion the most brilliant light, 
and that too for a longer period of time. And, indeed, so 
great is the difference in these respects, that the hydrogen 
may not improperly be regarded as the mere solvent or ve- 
hicle of the carbon, acting the part of wick, and thus pre- 
senting that substance in a state sufficiently comminuted for 
its more perfect combustion. Accordingly, the more abun- 
dantly the hydrogen is impregnated with carbon the greater 
may we expect to be its illuminating power, and the fitter in 
every respect for yielding artificial light. These views tn 
fully supported by experiment ; for not only is the brilliaDcy 
of the light modified by the quantity of carbon held in sola* 
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ai tioa bj the hydrogen, but the time which a given portion of 

■ the gas takes to conaume away bj combustion is affected by 

■ it in a still greater degree. 

^ To determine in what ratio the illuminating power of the 

■ gases obtaioed both from oil and coal was reduced by diluting 
■t them in various proportions with hydrogen, we instituted a 

■ Mries of experiments, the results of which are of importance 

■ inasmuch as they indicate not only that the mixture is dete- 
■- riorated, but that the same quantity of carbonaceous matter 
m, yields less light the more largely it is diluted with hydrogen. 

In the first esperiment we took a portion of coal-gas of 
•t the epeciGc gravity 'C7, which wo found to consume at the 
g rate of 4400 cabic inches per hour, and yielded the light of 
a eleven candles, being 400 cubic inches per hour for the light 
|, of one candle. This gaa being diluted with a fourth part of 
il its bulk of pure hydrogen, acquired the specific gravity '55, 
|j aod wasted away at the rate of 6545 cubic inches per hour, 
^ jielding the light of ten candles. As a fifth part of the 
compound gas was hydrogen, the remaining four-Sfths,amount- 
^ ing to 5236 cubic inches, was the quantity of the coal-gas which 
g in its diluted state gave the light of ten candles for an hour ; 
^ so that 524 cubic inches of the original coal-gas were requisite 
- to give the light of one candle for the same time. But in its 
I unmixed state, 400 cubic inches were sufficient to give the 
01 light of one candle for an hour ; and, consequently, the de- 
_ terioration occasioned by the dilution was in the ratio of 524 
^ to 400, or of 100 to 76, being 24 per cent. It must be 
^ distinctly kept in view that the deterioration has been reck- 
^ oned, not with respect to the whole volume of the mixture 
^ (in which case it would have been 39 per cent.), but simply 
^ in reference to the coal-gas itself; and therefore the experi- 
y inent, Bofar as it goes, justiGea us in adopting the conclusion, 
P that had the hydrogen existed originally in union with the 
I coal-gas, the latter would have improved in quality 24 per 
I cent, by its abstraction ; because the residuary portion would 
not only have lasted longer, but yielded during its combustion 
a superior light. 

In a second experiment, conducted in a similar manner, in 
which the proportion of hydrogen was one-third of the quan- 
tity of the coal-gas, the deterioration was 27 per cent. ; in 
a third experiment, the proportion of hydrogen being a half 
20 
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the volume of the coal-gas, the deterioration atnouoteil to 81 
per cent. ; and in a Fourth cjtperimeiit, the (|iiautitY of hydro- 
gen being exacUj equal to that of the coal-gas, the deterii>- 
ration extended to 36 per cent. 

These results indicate a progressive deterioratiou in tbe 
quality of coal-gas by the admixtnre of hydrogen ; and the 
important conclusion to which they lead is, that the abstrac- 
tion or removal of the latter, though diminishing the entin 
volume, would improve the nature of the residuary portion 
not only in a higher ratio than the loss which the whole sus- 
tained in its bulk, but render that portion capable of yielding, 
for a longer period of time, a greater light than it could have 
done in its original state. Hence it may be inferred that the 
illuminating power of coal-gas, whether considered with re- 
spect to the coat of its production or the intensity of its light, 
aiimita of being improved ; first, by impregnating the hydro- 
geneoua clement more largely with carbon ; secondly, by 
preventing the disengagement of hydrogen in a free state 
during the carbonization of the coal ; and, lastly, by detach- 
ing a portion of that gas from coal-gas when It already exists 
in admixture with it. 

The first of these modes of improvement seems to be prac- 
ticable, at least to a certain extent, by thoroughly drying the 
coal before it is introduced into the retorts, and modifying the 
pressure under which the gas is generated ; the second, by 
preventing the gas after its formation from being exposed to 
a high temperature by allowing it to pass over very hot sur- 
faces, the effect of which is to deprive it of carbon. The 
second object may also be assisted by arresting the process of 
distillation at an earlier period than is usually practiced, hy- 
drogen and carbonic oxide being the products which predomi- 
nate during the last periods of decomposition. On this point, 
however, the interests of the public and of the manufacturer 
are at variance. The consumer pays by measure, and hence 
it is the interest of the manufacturer to carry on the process 
of distillation as long as possible, for, by so doing, not only 
does he increase the quantity of gas but he improves the 
quality of the coke. With respect to the third mode of 
improvement, we are unfortunately, in the present state of 
our knowledge, acquainted with no method of detaching 
hydrogen from the gases with which it ia mixed in oil or coal 
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gas that would not impair the illuminatiDg power of theao 
g&sea to a greater extent perhaps than the benefit that would 
be derived from the removal of the hydrogen. A plan has 
been proposed hj Mr. Lowe to increase the quantity of car- 
bon in the gas by impregnating it with the vapor of coal nap- 
tba ; for which purpose it was proposed to fill the wet gas 
meter at the house of the consumer with purified naptha, and 
to maintain it at the same height b_y means of a reservoir 
connected with the meter, by which means the gas would be 
measured and saturated with naptha at the same time. A 
more practical plan was to pass the gas through an ornamental 
vase containing a sponge saturated with naptha, and placed 
at some point between the meter and the burner. 

To determine the diminution of the illuminating power 
produced by separating the particles of the inflammable gas 
during its combustion, and thus diminishing the temperature 
of the flame, it occurred to the writer of the present article 
that nitrogen, having neither the property nf supporting com- 
bustion nor of adding to the quantity of combustible matter sub- 
mitted to that process, was well fitted to answer for the intend- 
ed purpose ; and, accordingly, on mixing coal-gas of ordinar/ 
quality (which, when burnt alone, yielded the light of twelve 
candles when it consumed 5400 cubic inches per hour) with 
varying portions of nitrogen, results were obtained which im- 
plied that the diminution of the intensity of the light proceed- 
ed in a ratio much more rapid than was observed when the 
gas was diluted with hydrogen. Thus, when six volumes of 
the coal-gas were mixed with one volume of nitrogen, the 
expenditure per hour was 6000 cubic inches, and the Hghi 
equivalent to that of nine candles, being 667 cubic inches 
per hour for the light of one candle. But one-sixth of the 
whole being nitrogen, the remaining five-sixths, amounting 
to 556 cubic inches, was the quantity of tho coal-gas which, 
in its diluted state, afforded the light of a candle for an hour. 
On the other hand, the quantity of the coal-gas requisite, in 
its unadulterated state, to give an equal degree of illumina- 
tion being 'la'i o^ 450 cubic inches, it follows that tho de- 
terioratiou was in the ratio of 566 to 450, or 100 to 81 
nearly. 

By diluting tho same coal-gas with other proportions of 
nitrogen as subjoined, and afterward applying to each of the 
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results the same kind of reduction as that nhich we hare al- 
ready made, we have deduced the following table, which ei- 
hibit^ the gradual deterioration of the illuminating power of 
the Bame quantity of coal-gaa, produced by the mere aepara- 
tioa of the atoms of the gas during its combustion. 
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Power. 
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100 


60 


10 


81 


60 


12 


69 


60 


15 


55 


60 


20 


37 


60 


30 


29 
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When carbonic acid was used instead of nitrogen, similtr 
results were obtained ; only the deterioration was considerably 
greater. Thus, when five volumes of the coal-gas were mi.ied 
with one volume of carbonic acid, the illuminating power wis 
reduced from 100 to 30, whereas in the case of the nitrogen 
it was from 100 to 69. It is therefore a fortunate circum- 
stance that carbonic acid, which is so apt to be generated 
during the production of coal-gas, and has so debasin^ 
influence upon its illuminating power, is readily absorbed b 
a variety of substances; while nitrogen, the less injurious as 
well as the less abundant accompaniment, cannot be separated 
from the other gases with which it may exist in mixture by 
any process yet known. 

Deterioration of (}a» hy keeping it after it it prepared. 

Both oil and coal gas suffer, by keeping, a gradual loss in 
their power of illumination, which seems to increase in a more 
rapid ratio than the time they are kept. The deterioration, 
though greatest when the gases are allowed to stand aver 
vater, takes place in a considerable degree even when they 
are kept over oil, or in air-tight vessels. Hence it may be 
presumed that the carbon held in solution by the hydrogeo 
is separated from that element, partly by its own gravity, and 
partly perhaps by solution in the water, or by condeontioB 
10 the bquid form. 
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To whatever cause the deterioration is owing, the fact itself 
is undoubted. Thus, ao oil-gaa which, when newly prepared, 
bad the specific gravity 1-054, gave the light of a candle for 
an hour when it consumed 200 cuhic inches; kept two days, 
it gave the same light with a consumpt of 21.'> cubic inches 
per hour ; and kept four days, it required for the same light 
240 cubic inches per hour. In the case of a portion of coal- 
gas, which, when newly prepared, required 404 cubic inches 
to yield the light of a candle for an hour, the same gas kept 
two days required 430 cubic inches ; and kept four days, 
460 cubic inches to yield the saoie light. These results in- 
dicate a progressive deterioration in the quality of the gases, 
increasing with the length of time they are kept ; and it is 
deserving of remark, that in both gases the diminution of the 
illuminating power decreases in a faster ratio than the time 
increases. After being kept three weeks, the oil-gas was so 
much debased in quality that it required 606 cubic inches of 
it to yield the light of a candle for an hour ; and hence its 
illuminating power was reduced to one-third of what it waa 
when the gas was newly made. From these experiments it 
nay obviously bo inferred that both oil and coal gas should 
be used as soon as possible ader they are prepared. 

Ec(momy of CoaUQai. 

Among the advantages which have resulted from the intro- 
duction of coal-gas, we may reckon, first, its comparative 
cheapness ; and, secondly, its superiority to all the other 
modes of artificial illumination. 

In forming a comparative estimate of the cost of coal-gaa 
and that of the other means employed for procuring artificial 
light, we may contrast it with the expense of wax, tallow, and 
oil, the ordinary substances used for the purpose. It deserves 
to be remarked, however, that while the price of coal, in 
consequence of the regular and abundant supply of that 
article, is liable to little fluctuation, the cost of wax, tallow, 
and oil, on account of the more precarious nature of the 
sources from which they are obtained, varies exceedingly in 
different seasons. The very extensive use, too, into which 
coal-gaa has been brought has produced a considerable effect 
upon the price of oil and tallow, as well as of wax ; so that 
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a eompiratiTe eBtitnate of tbe expense of procuring the nmt 
«ztent of iltuminntion from coal-gaa and from these euhstancn 
most appear leas favorable to the former than Trould ha« 
been Iho case bad the comparison been made when gas wu 
firet introduced. But bj way of illustration, the approximaiir« 
economyof the Hubatances commonly employed for illumination 
may be contrasted as follows: — Supposing that !> cubic feet 
of paa ]ier boor give a ligiit equal to that of 12 candles, then 
1000 cubic feet, if burnt at the rate of 5 feet per hour, would 
giTC a light equal to that of 12 candles for 200 houra, at the 
cost of 4«. 6rf., which is about the average price of g»a in 
London per 1000 feet at tbe present time (1855). Suppose 
the candles to cost Qd. per lb., then 2 lbs. of candles, 6 to 
the lb., would bum for 6J houre at the cost of 1». 6J., or CO 
Iba. would bum :iOO hours, at the cost of 21. 5«. Assuming 
wax to be three times the price of the candles, the cost of 
iraz cftudles for 200 houn wonld be 62. 15>. ; tml ttkiii{ 
iperm oil at 8«. per gallon, 4 gallons would give a light eqoil 
to that of 12 candles for 200 hours, at a cost of II. lii. 
So that, by comparing the cost of these various sources of 
light for equal periods of time, we have — 



For wn canfl!''', tbe cont of 6 15 

For talluw candles, " 2 5 

For»iwrmoil, " 1 12 

ForgM, " * 6 

The expense of gas, as compared with that of the other 
sources of light, will be — 

Gas 10 Candles 10 

Oil 7.1 W(ut 30-0 

In the above comparison we have taken London gas as th« 
standard, which is scarcely fair, seeing that this gas is inferior 
in illuminating power to that of most other towns. 

But tlie light obtained from coal-^as is not only procured 
at a smaller expense ; it is also more convenient for most 
purposes than the li^jht yielded by other substances In the 
ordinary mode of lighting by tallow and oil, the light derived 
from their combustion cannot be diminished in intensity with- 
out considerable disadvantage and trouble ; whereas in the 
case of gas, it ma; be reduced in an instant from tbe most 
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perfect splendor to the feeblest degree of illumination by the 
Bimfile nHjuBtment of the stop-cock. The advaotaj^es arising 
from this easy method of regulating the light of gas, when it 
is used in tbe chainbera of the sick, and indeed in all apart- 
ments where a variable hut uninterrupted supply of light 
must be kept up. can only be duly estimated by those who 
have experienced them. To every branch of manufacturing 
industry which requires a steady and powerful light, the 
benefits which have resulted from the introduction of coal-gas 
are not less important. In many operations the light may be 
conveyed by means of flexible pipes, connected together with 
ball-and-socket joints, so as to be almost in contact nith the 
fabric it is intended to illuminate, wichout the slightest risk 
of injury ; and it may be kept in the same state for many 
hours in succe^BioD, or altered, as circumstances may render 
neceasary. 

For lighting churches, theaters, and other public buildings, 
where a strong and uniform light is required, gas answers the 
purpose more effectually than any other mode of illumination ; 
partly from the facility of its application, and partly from the 
diversified and tasteful manner in which tbe jets of flame may 
be exhibited in various kinds of burners. 

As a street light, its superiority is universally admitted; 
and from that application of gas it cannot be doubted that 
the metropolis, and other large towns, have derived great ad- 
ditional security against the perpetration of nocturnal crimes, 
as well as the means of carrying on the ordinary businesB of 
life, during the evening with nearly the same coavenience as 
during tbe full light of day. 

Secondary Productt. 

The chemistry of the gas manufacture hoa been for some 
jears in a state of mntation, the effect of which has been 
to bring about important changes in the nature and amount 
of the secondary products. We may, however, refer to the 
methods of disposing of the usual secondary products, namely, 
the coke, the tar, and the ammoniacal liquor. A ton of New- 
castle coals of the average weight of li'2-iO lbs. yi.:!d3. 



J 
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1 Cbaldroaof cokB = 1*94 lb«. 

1! Gallon! of tar = IM" 

10 GiiUoM of ammodacri liqaor = 100 " 

9000 to 10,000 Cabic feet of Gm = J91 " 

LoM = JIO " 

S249IblL 

It is found, on &n average, thatl cwt. of coals yields sboot 
2 buaheU of ooke. About ooe-foarth of the quantity of coke 
produced is used as fuel for healing the retorts, and the n- 
maioderissold. The tar and aDaraoniacal liquor or gas-water 
separate in the tar cistern, the tar forming the lower strattim. 
This is used in the manufacture of patent fuel and of creasote, 
and as a rough paint for out-door work, 100 lbs. of tar yield 
by distillation about 26 lbs. of an oily liquid known as eoal-^U. 
A. light product first distils over, which is called coal-napUia ; 
the remaining pitch is used for paying the bottoms of ships, 
wooden piles, etc. The coal-naptha is tised for dissoWing 
caoutchouc, and for burning !n the naptha-lamp. The ammo- 
niacal liquor is used in the manufacture of sal-ammomac, 
carbonate of ammonia, and prussian-bluc. The presence of 
cyanogen in the ammoniacal liquor has led to its eroploymeut 
in the manufacture of ferrocyanide of iron or prusaian-bluo. 
It is stated that a gallon of ammoniacal liquor, when sata- 
rated with sulphuric acid, contains enough of cyanogen *nJ 
cyanates to form, with a salt of iron, 24 grains of pniasian- 
blue. 

The secondary products of the Edinburgh gas-works are 
turned to account at the chemical works, situate at a distance 
of about two miles from them, the gas-works being on a lower 
level. They are, however, connected hyaline of pipes, and 
the gas-liquor is lifted over the shoulder of the Calton Hill 
by muans of a force-pump. The difference of level is then 
sufficient to carry it to the chemical works. The liquor is 
left for the tar to subside, but the ammoniacal liquor, consist' 
ing of an impure solution of carbonate and hydrosolphuret 
of ammonia, still contains a portion of tar, which is got rid 
of by distillation. The larger portion of tlie distilled liquid 
is converted into sal-ammoniac, and a portion into Bulpliatc 
of ammonia. In order to obtain the sal -ammoniao, the liquor 
is neutralized with hydrochloric acid, and is then puio|)ed ink 
targe cauldrons and evaporated to the crystalizing point, whea 
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t is drawn off into large rata, and on cooling deposiU small 
ftathery crystals ; these are transferred to a stone chest, and 
are dried by the heat of a furnace below. The salt then 
resembles brown sugar ; it is mixed with charcoal powder for 
the purpose of reducing any oxide of iron which may be 
present, and thus to get rid of the brown tint in the process 
of sublimation. The subliming vessels resemble a man's hat, 
and are arranged in the furnace with the crown downward ; 
they are about three feet in depth, and two and a half in di- 
ameter, and they contain sufficient for a week's charge. 
Each pot is covered with a leaden cupola, luted on with clay, 
and the salt is at first allowed to sublime away through a hole 
in the center. This occasions some loss, but it appears to be 
a necessary precaution to prevent porosity in the sublimate. 
The central hole la then plugged with clay, and the sublima- 
tioQ is continued for a week. In this way hemispherical cakes 
of sal-ammoniac are produced ; they are rasped on the sixt- 
face to remove crust or coloring matter, and are broken into 
wedges, which are packed in barrels for exportation. 

In preparing sulphate of ammonia the distilled ammoniacal 
liquor is saturated with sulphuric acid, and concentrated until 
small crystals are formed, which are removed by perforated 
ladles, dried, and packed in barrels lined with paper. 

The tar, which contains a considerable portion of water, 
is transferred to a still, where crude naptha aod vapor of 
water distil over. They separate in coasequence of their 
different densities, and the naptha is digested with sulphurio 
acid ia a leaden trough. This separates ammonia and other 
substances ; the acid ia removed by means of quick-lime, the 
naptha is washed with water, distilled, and is ready for the 
market. The remaiDing tar is raised to a higher temperature, 
and a liquid less volatile than naptha is produced ; it is term- 
ed pitch-oil, and is used for impregnating wood, etc. The 
pitch in the still is then run out, when it settles into a soft 
Bolid, for which at Edinburgh no market has yet been found, 
but it may probably be turned to account as a cheap fuel. 

Scarcely any market is found for the tar, which was for- 
merly largely consumed at Continental seaports. The in- 
crease of gas-works on the Continent, and the absence of duty 
OQ foreign tar as distinguished from British tar, has greatly 
retarded the sale of the latter abroad. 
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ce the introdnctioD of the Boghead cannel coal, a net 
miliar; product has been obtained in the form of paraffinc. 
is separated at the Westminster gRs-worksos paraffine-oil, 
oud ia used for lubricatiDg the machinery. 
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IRON. 



Ikon, oa account of its abundance, working qualities, and 
tenacity, ia probably the most useful and valuable of metals. 
According to Dr. Ure, " it is capable of being cast into 
moulds of any form, of being drawn into wire of any desired 
length or fineness, of being extended into plates or sheets, of 
being bent in every direction, of being sharpened, or hard- 
ened, or softened at pleasure. Iron accommodates itself to 
all our wants and desires, and even to our caprices ; it is 
equally serviceable to the arts, the sciences, to agriculture, 
and war; the same ore furnishes the sword, the plowshare, 
the scythe, the pruning-hook, the needle, the graver, the 
spring of a watch or of a carriage, the chisel, the chain, the 
anchor, the compass, the cannon, and the bomb. It is a 
medicine of much virtue, and the only metal friendly to the 
human frame." In its primitive position it is commingled 
with the earth's strata in bountiful profusion ; it is found in 
various combinations and conditions in every formation, and 
it is a constituent element of both animals and vegetables. 

IIISTORV OF THE IRON MANUFACTURE. 

Malleable iron appears to have been known from a remote 
antiquity. Its obvious utility and great superiority over the 
softer metals, then commonly used, combined with the expense 
of its reduction, caused it to bo highly prized, though the ex- 
treme difficulty of working it by the rudo methods then em- 
ployed greatly restricted its application,* There are notices 
in Homer and Hesiod of the arts of reducing and forging 
iron, but cast-iron was then unknown, an imperfectly mallea- 
ble iron being produced at once from the ores in the furnace. 

applied lo it by Homer— 
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H It is probable that the Greeks obtained most of tb«r im 

H through the Phoeuicians from the Bbores of (he Blacl StL 

^M and from Laconia. 

H It would be iDtereating to trace the gradual advaoM 

■ which have been made in the reduction of iron from its St- 
coTCry to the present time ; to inquire into the circumstum 
which led to the successive changes in the processes, and iott 
the principle on which those changes were founded ; to a- 
amine into differences in the products which from time to 
time ensued, and to notice the influence of these condi^ 
on the estcnt and progress of the manufacture. Our buvi- 
edge of these changes, however, is scanty and imperfect, nJ 
we can only conjecture what was probably its early progrex. 

The furnaces which were first employed for Bmelting ira 
were probably similar to those now called air-btoomeria. 
They were probably simple conical structures, with smtB 
openings below for the admission of :ur, and a large one abort 
for the escape of the products of combustion, nnd would be 
erected on high grounds in order that the wind might taut 
combustion. The fire being kindled, successive layen of on 
and charcoal would be placed in it, and the beat regulated 
by opening or closing the apertures below. 

The process of reduction would consist of the de-^ndatioD 
of the ore and the cementation of the metal by loDg-coDtioaed 
heat. The temperature would never rise sufficiently hi^ to 
fuse the ore, and the product would therefore be an impo^ 
fectlymalleable iron, mixed with acorife and unreduced oudc. 
It would then be brought under the hammer, and fashioned 
into a rude bloom, during which process it would be &wd 
from the greater portion of the earthy impurities. 

By such a process as this the Romans probably vorbed tbe 
iron ores of our own island; scorisc, the refuse of ancient 
bloomeries, occur in various localities, in some cases idenUSed 
with that people by the coincident remains of altars dedica- 
ted to the god who presided over iron. Mungo Park sav t 
rude furnace of this kind used by the Africans, and, indeed, 
with some modifications, it is still retained in Spain, and aloog 
the coast of the Mediterranean, where rich specular ores are 
worked. 

The advantages of an artificial blast would soon become 
manifest, and a pair of bellows or a cylinder and piston 
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soon be applied to the eimple construction mentioned above. 
Homer represents Hephaestus as throwing the materials from 
irhich the shieM of Achilles was to be forged into a furnace 
orged by 20 paira of bellows (TCifoi). The inhabilania of 
Madagascar smelt iron in much the same waj', their blowing 
apparatus, however, consisting of hollow trunks of trees, 
with loosely fitting pistons. 

The furnace corresponds to the blaat-h\oom€ry, and has by 
successive improvements developed into the blast furnace, 
DOW almost universally used, and into the Catalan forge, still 
employed in some districts. The application of the Ikat 
would offer considerable advantages; it would obviate the 
necessity of an elevated site, place the temperature more 
immediately under the direction of the smelter, and render 
the whole process more regular and certain. The method of 
reduction remained the same as before, but the product would 
dtSer considerably, for whenever the blast was sufficiently 
■powerful, the iron would be fmeJ, a partial carburation 
would take place, and the resulting metal would bo a species 
of steel, utterly useless to the workmen of those days ; hence, 
it Beems necessary to infer, that a rude process of refining 
was invented, the metal being again heated with charcoal, and 
the blast directed over its surface, the carbon would be burnt 
out, and the iron become tou<>h and malleable. The processes 
might perhaps form two successive stages of one operation, as 
&t present practiced with the Catalan forge. 

The increasing demand for iron, and the progress of inter- 
nal communication, would lead the smelter to increase the 
siie and height of his bioomery, and this probably would 
lead to a very unexpected result. The greater length through 
which the ore bad to descend would prolong its contact with 
the charcoal, and a higher state of carburation would ensue, 
the product being cast-iron — a compound till then perhaps 
unknown. 

From the time that cast-iron became the product of the 
smelting furnace, the refining would be made a separate pro- 
cess, requiring a separate furnace and machinery. It would 
soon be found also that, as the furnace increased in height, the 
pressure of the superincumbent mass would render the mate- 
rials so dense as to retard the ascent of the blast, and thufl 
cause it to become soft and inefficient ; hence the internal 
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buttresses called boshet irere first introdaced to support tbt 
weight of the charge, relieving the central parts from thi | 
pressure, and permiCtiDg the free ascent of the blast. Whik I 
the good quality of the iron and the regularity of the procea 1 
were thus insured, increase of quantity was the result of im- I 
provements in the blowing apparatus, which was now enlarged 
and worked by water-power. With these modificatioiia, tbt 
furnace was the same essentially as the hlast-fumace now 
employed, though not so large ; indeed, until the introduction 
of coke at a much later period, the blast-furnace seldom ex- 
ceeded 15 feet in height by 6 at the widest diameter. Tbe 
more perfect operation of the blast-furnace allowed the re- 
duction of the heaps of scoria which had been gradoallT 
accumulating during tbe period that the blast bloomeries haa 
been in operation, and which contained 30 to 40 per cent, of 
iron. A new species of property was thus created, extenaiTe 
proprietorships of Danish and Roman cinders were formed; 
large deposits of scoria; which for ages had Iain concealed 
beneath forests of decayed oak, were dug up, and in Dean 
Forest it is computed that 20 furnaces, for a period of up- 
ward of 300 years, were supplied chiefly with the bloomerj 
cinders as a substitute for iron ore. 

At what period the complete transformation of the blast- 
bloomery into the blast furnace was effected, it is imponibls 
to say. It was probably in the early part of the 16th centnrf, 
as we find that in the ITtb the art of casting had arrived at 
a considerable degree of perfection, and in the reign o( 
Elizabeth there was a considerahle export trade of cast-iron 
ordnance to the Continent. In the forest of Dean are tbt 
remains of two blast furnaces, which formerly belonged to 
tbe kings of England, but tbey have been out of blast sioee 
the commencement of the struggle between Charles I. ad 
his Parliament. Calculating from the quantity of scoria 
accumulated in their immediate neighborhood, which appear to 
have lain undisturbed for the lost two centuries, Mr. Mushct 
has attempted to deduce the period of their erection, which 
he conceives to have been about the year 1550, in the time 
of Edward VI. 

Up to this period wood charcoal was the only materia] 
employed in smelting operations, but the wants of a constantly 
iocreaaing population, not less than the great consumption of 
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ihe blast furnaces themselves, created a ecarcitj of this essen- 
tia) material, and gave a check to the manufacture. To such 
Ui extent bad the wood been destroyed, that the cutting down 
bT timber for the use of the iron-works was prohibited by 
Bpecial enactments ; and the forests of Sussex alone appear 
to have been exempt from the general decree of conservation. 
rhe number of furnaces in blast decreased three-fourths, and 
the annual production, which but a short time before is said 
to have been 180,000 tons, was in 1740 reduced to only 
17,350 tons. 

James I, granted patents to tronniasters in various parts of 
the kingdom for using pit-coal in the manufacture of iron. 
The obstacles to its introduction, however, were numerous, 
and not easily overcome. The comparatively incombustible 
nature of cuke, and its feebler chemical affinities, rendered a 
more powerful blast and a longer aubjectioa to the heat indis- 
pensable to its successful adoption. Ignorance of the causes 
of failure operated long and seriously, but all difficulties were 
at length surmounted. An enlargement of the height of the 
furnace prolonged the contact of the oro and coke, and at last 
the employment of the steam-engine and improved blowing 
apparatus rendered the blast much more powerful and regular, 
and gave that impetus to the manufacture which has caused 
Great Britain to take the first rank in this branch of in- 
dustry. 

The first great improvement on the blowing apparatus waa 
the eubstitution of large cyliudcra, with closely fitting pistons, 
for the bellows. The earliest of any magnitude were prob- 
a'Jy those erected by Smeaton at the Carron Iron-Works, in 
1760. ^ 

In 1783-4, Mr. Cort of Gosport introduced the processes 
of puddling and rolling, two of the most important inventions 
connected with the production of iron since the employment 
of the blast furnace. 

About this time the steam-engine of James Watt came 
into use, and along with it commenced a new era in the 
history of the iron trade and every other branch of industry. 
Its immense power, economy, and convenience of apphcation, 
brought it at once into general employment. It was soon 
applied to pumping, blowing, and rolUng; it enabled the mines 
to be sunk to a greater depth ; refractory ores to be reduced 
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with facility, and tlie procesaes of rolling, forging, etc., to H 
effected with a rapidity previously unknown. 

Of late years, Scotland has made (considerable progress in 
the iron manufacture. The introduction of railway commu- 
nication, and the invention of the hot-blast, have given i 
stimulus to the trade which has raised Glasgow into impoi^ 
tanco as an iron district, and few towns posseas greater &- 
cilities for the sale of their produce, than this central depot 
of the mineral treasures of the country by which it is «p* 
rounded. 

The hot-blast process, for which a patent was taken out by 
Mr. Neilson in 1824, has efiected an entire revolution in tw 
iron industry of Great Britain, and forms the last era io ths 
history of this material. This simple but effective inventian 
has given such facilities for the redaction of refractory ore«, 
that between three and four times the quantity of iron cm 
be produced weelily, with an expenditure of little more thau 
one-third the fuel ; and, moreover, the coal does not require 
to bo coked, or the ores to be calcined. 

In conclusion, we may add that there appear to have been 
five distinct epochs in the history of the iron trade. 

The first dating from the employment of an artificial blast 
to accelerate combustion. 

The tecond marked by the employment of coke for reduc- 
tion, about the year 1750, 

The third dating from the introduction of the sleam^ngine, 
and on account of the facilities with which that invention has 
given for raising the ores, pumping the mines, supplying the 
furnace with a copious and regular blast, and moving tbo 
powerful forge and rolling machinery, we may safely attril>- 
ute this era to the genius of James Watt. 

The/ourfA epoch is indicated by the introdoctioo of tde 
system of puddling and rolling, very soon after tho emptoj- 
ment of the eteam-engine. 

The fifth, and last — though not the least important epocb 
in the history of this manufacture — is marked by the appli- 
cation of the hot-blast — an invention which has increased tlie 
production of iron fourfold, and has enabled the ironmaitet 
to smelt otherwise useless and unreducible ores; it has abol- 
ished the proce^ea of coking and roasting, and hu ^f^n 
facilities for a large and rapid production, far beyond tb* 
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most sanguine anticipations of its inventor. Manufacturera 
taking advantage of bo powerful aa agent, have not hesitated 
to reduce improper materials, such aa cinder-heaps and im- 
pure ores, and by unduly hastening the process, and attend- 
ing to quantity more than to quality, have produced an infe- 
rior description of iron, that has brought the invention into 
unmerited obloquy. 



The oreg of iron are found in profuse abundance in every 
latitude, imbedded inorstratified witheveryformation. They 
occur both crystallized, massive, and arenaceous ; lying deep 
on strata of vast extent, filling veins and faults in other rocks, 
and scattered over the surface of the ground. Sometimes, 
but rarely, found native ; usually aa oxides, sulphurets, or 
carbonates, more or less mingled with other substances Of 
these ores there are perhaps twenty varieties, many of which 
are, however, rare ; others are combined with substances which 
unfit thera for the manufacture of iron, bo that the remainder 
may be classed under the following general heads ; their 
composition, however, varies greatly : 

1. The magnetic oxides, in which the iron occurs, as 
Tcj 0, orFcaOa+FeO. This is the purest ore which is 
worked; thobest Swedish metal is manufactured from it. It 
is found in primitive rocks, and is widely diffused over the 
globe. 

2. Specular iron ore, peroxide of iron, Fe, 0,, This is 
rich and valuable ore, and has been worked from a remote 
antiquity in Elba and Spain. It is found chiefly in primary 
and transition rocks. 

3. Red and brown hrematites, hydrated peroxide of iron. 
These ores occur in botyroidal radiating masses, in Cumber- 
land, Ireland, America, and other places. 

4. Carbonate of iron. This ore occurs mixed with large 
quantities of argillaceous, carbonaceous, and siUcioua aut>- 
stances, forming the large deposits of clay-ironstone and 
blaekbands, from which moat of the iron of this country is 
obtained. These strata are generally found in close proxim- 
ity to the coal measures. 

All the above ores are more or less mixed with silica, ala- 
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I « o( mftng&Deae, etc., and it may not be uniQte^ 
« jlance at their geographical distributioa in Europe 

a country poseessea peculiar and remarkable advants- 
tor the manufacture of iron. The ores are found in ei- 
tless abundance, usually interstratified with the coal for 
iiiDii- reduction, and in cloae proximity to the mountaiu lime- 
stone, which ia used as a fluT. In few countries do thew 
three essential materials occur in such abundance, or so near 
together as to give the necessary facilities for a large and 
profitable production. 

The ores principally employed are the clay-ironstonea and 
carbonates of blackbanda, which are found intcratratiGed uiib 
the coal fields of Ayrshire, Lanarkshire, Shropshire, South 
Wales, and other parts, and these vary la richness in different 
localities, according to position and the amount of silica clay 
and other foreign matter with which ihey are associated. 'Xho 
chemical composition of three varieties of the ore used in 
Lanarkshire is given by Dr. Colquhoun, aa follows : 
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The carbonic acid in the above ores may be partly com- 
bined with the lime as carbonate of lime, aa well as with the 
protoxide of iron. 

M. Berthier gives, according to Dr. lire, the following 
analyses of the English and Welsh ironstones of the coal 
measures : 
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Galctilatinff the amount of carbonate of iron and metallie 
iron indicated bj the above analyses, we hate : 



CarboQate of iron 
Metallic iron .... 




85-20 
40-46 



The richness of the above ironstones would be about 83 
per cent of iron. In the process of roasting, 28 pet cent, 
of the ore is dissipated. 

Mr. Mitchell gives also the foUowing assays of clay-iron- 
stone and blackband ore, as under : 



Protoxide of iron . . , 
Peroxide of iron . . . . 
Oxide of Manganese 

Alumina 

Magnesia 

Lime 

Potash 

Soda., 4 

Salphnr 

Phosphoric acid . . . . 

Carbonic acid 

Silica 

Carbonaceous matter 
Losa 



Clay iron- 

ftone. Lei- 

irlm,Ir«laiid. 




BlMkbuia 

OarboiiAta 

On. 



In North Lancashire and Cumberland, the red haematite ores 
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ensively worked, and great quantities are yearly 

Q Whitehaven, Ulverstone, etc., to Staffordshire, 

'aius, and Scotland, for mining with the poorer ai^ 

;ou3 aod blackband ores. In Cumberland and Kortb 

liire, no less than 546,998 tons were raised in 1854 

purpose, and the greater portion was exported from 

<sc aistricts. 

In addition to these exports, ■' out 25 to 30,000 tons are 
Hinelted by the hot blast at C tor, in the neighborhood of 
Whitehaven. It produces a strong and ductile iron, con- 
sidered highly valuable f( xi ig with the weaker irons. 
These ores have been can aalyzed, and contain : 

Peroxide of iron 90-3 

SiliOB SO 

Alumina 30 

Lime trace. _ 

Magnesia trace. 

Water 6-0 

104-3 

Or uliout 62 per cent, of metallic Iron. 

In Ireland there are vast deposits of iron ore of great 
richness, though as yet but little worked. Some of these, 
such as ihe ores worked at the Arigua mines, and the Kidney 
ores of Balcarry Bay, yield as much as 70 per cent, of iron. 
If these mines were worked more extensively, and if peat 
fuel were used in the smelting operations, the iron would 
probably be of the very heat quality, and might rival the 
famed Swedish charcoal metal. Of this there is now every 
reason to hope, as the establishment of railway communica- 
tion, with almost every part of Ireland, will open out the 
immense peat bogs of that country, and facilitate the intro- 
duction of vegetable fuel for the reduction of the ores, and 
create a large and important addition to other branches of 
Irish industry. In a communication to the writer from Mr. 
M'All, dated Scrabby, he states — " I have sent you samples 
of two kinds of iron ore, one is the red, the other the purple 
haematite. There are strata which are inexhaustible, and the 
ore can be raised and delivered at the furnace for less than 
a shilling a ton ; the peat or vegetable carbon ia equally cheap 
and abundant. Limestone of the purest quality ia also close 




I band, and can be dolWored at the furnace at nincpence 
~per toD. On account of the purity of these materials, iron 
of Uie greatcEt strength and ductility can be made, which, 
from its non-liability to corrode, would be admirably adapted 
for naval and marine purpoaea," Ireland ia, tlierefore, ac- 
cording to Mr. M'i\ll and others, in a condition to supplj 
lari^e quantities of excellent iron. 

France possesses an abundant supply of iron ore, but on 
account of the scarcity of coal, the manufacture baa been 
greatly restricted in extent. The introduction of railway 
coDimuni cation is, however, rapidly removing the difficulty, 
and the operations of smelting arc greatly on the increase. 
Tlie railroad has enabled the French ironmaster to substitute 
coal for charcoal in the reduction of the iron orca, and in 
consequence an immense increase baa taken place in the pro- 
duction of pig and manufactured iron. The ores are found 
in beds or strata in the Jura range ; accumulated in kidney- 
shaped concretions in the Sasures of the limostono ; or dis- 
persed over ibe aurfaco of the ground, and but slightly cover- 
ed with sand or clay. 

They arc found in the departments of the Vonno, the 
^^leuse, and the Moselle, and indeed may ho traced from the 
^^Bu do Calais on the north to the Jura on the south, in- 
^^Butiog throughout an abundant and ample supply. 
^^RThe present increased production of iron in France is 
^ebicfly duo to the introduction of coal in smelting, but it may 
ilao be traced in some measure to the encouragement given 
by the Oovemment to that branch of induetry, and to the 
enterprise of such men as M. de tialluis and M. Dufr^noj, 
who have exerted themselves to extend its manufacture in that 
country. M. de Galiois resided in Kii<^land for several years, 
immediately subscijuent to the peace of 1815, and having ob- 
tained admission into the different iron-works here, ho returned 
to France and eatablished the works at St. Etienne, now 
{irobably the largest and most extensive in that country.* 
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The production of crude pig-iron in Franco is now little ilwrt 
of 1,000,000 tons annitally, but the demand for railwa?), 
rolling-stoot, bridges, iron ships, girders, and other cooatruc- 
tions is so great that large quantities of iron are still attDii- 
ally imported into this country. 

Valuable deposits of the blackband, and clay carbonate 
ores are foand ioterstratiBed with the great coal-field of 
Ruhr ; and the bog-iron and hH^matilo ores are found in con- 
siderable profusion in Rhi ussia and othE<r parts. In 
Upper Silesia, on the Vist-.,. the Oder, largo deposits of 
coal and iron are found in jusi. position, and are worked to 
' a considerable extent. 

Ttic consumption of iron is .lOt bo great as in France, 
though it is increasing rapidly, as may be seen from relnna 
recently given by the British ChargS d'Affairea at Bertie. 
These returns show that the amount of iron ore raised in Pru»- 
aia has increased from 1,495,516 tons in 1S53, to •2,144,;>0i' 
tons in 1854 ; this has taken place in nearly all the produdng 
districts, but chiefly on the Rhine, where the demand has in- 
creased from 719,684 to 1,068,65(3 tons ; in Westphalia, from 
146,320 to 330,014 tons ; in Sileaia, from 563,739 to 650,3^9 
tons ; in Lower Saxony and Thuringia, from 51,963 to 70,- 
676 tons; in Prussian Brandenburgh, from 8084 to 12,731 
tons ; and in the Upper Zollverein, from 6736 to 13,063 tons. 

In Austria, all tne iron is smelted with charcoal or car- 
bonized peat, and is in consequence of the finest quality; it 
may be applied to every description of manufacture, from the 
most ductile wire to the hardest steel. The production is, 
however, small. The ores are found in Hungary, Styria, 
Moravia, and Upper Silesia. 

In Belgium, both coal and iron are found in equal abun- 
dance, and arc worked at Charloroi, Liege, and at other places. 
The ores which are chiefly haematite, are derived from the 
limestone at the base of the coal measures. 

The superiority of the Swedish iron has long been ac- 
knowledged, and till recently it has been unrivaled. This 
arises not only from the purity of the ore — the magnetic 
oxide of iron — but in consequence of its being smelted with 
charcoal only. The quantity is however restricted, as the 
ironmasters are allowed by law only a certain number of trees 
per annum, in order that the forests may not be totally 
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destroyed. Coal does not exist in either Sweden or Nor- 
way. 

In 1844 some experimental researches were undertaken 
by Mr. Fairbalrn of Manchester, at the request of the Sub- 
lime Porte, in regard to the properties of iron made from 
the ores of SamakofT in Turkey. The ores were strongly 
magnetii^, and contained, according to Dumas and others, 62 
to 61 per cent, of iron. They consist of: 
One >i 

Iron.... 84 Oiygea,...32 118 

Some of these ores have been smelted with charcoal, and 
some very fine specimens of iron and steel produced. The 
maniifaclure is, however, in a languid state in Turkey, and 
although smelting furnaces, blowing apparatus, forges, rolling 
mills, etc., were prepared and sent out from this country, they 
are to a great extent useless among a people who have deeply 
rooted prejudices and habitual inactivity to overcome, and 
every thing to learn in all those habits of industry which indi- 
cate the rising prosperity of an energetic and an active people. 

Both the magnetic, bseinatite, and clay-iron stones abound 
in the United States. The magnetic ores worked in New 
England, New York, and New Jersey ; the hsematlte in 
Pennsylvania, New York, New Jersey, and other localities ; 
but the greater part of the manufacture must eventually es- 
tablish itself in the valley of the Mississippi west of the 
Alleghany range, where vast deposits of coal and iron exist, 
though at present but imperectly known or developed." The 
ores in most of these districts are smelted with a mixture of 
charcoal and anthracite, and the usual limeatone fiux, and pro- 
duce a very e.xcellcnt quality of iron. 

In Nova Scotia some of the richest ores yet discovered occur 
in exhaustless abundance. The iron manufactured from them 
is of the very best quality, and is equal to the finest Swedish 
metal. The specular ore of the Acadian mines, Nova Scotia, 
is said by Dr. Ure to be a nearly pure peroxide of iron, con- 
taining 59 per cent, of the peroxide, and about 70 per cent, 
of iron. When smelted, 100 parts yield 75 of iron, the in- 
crease ID weight being due to combined carbon. The red 

* EapcoUUf in Obio oad In MiaBoorl. 
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r. Ure Htates to be analogous to the kidney ore of Cuui- 
..^>d, and to contain : 

(1) (2) 

Peroxide of iron 85-8 84.4 

SilicB 8.2 NO 

Water 6-0 T-S 

1000 100.0 

The Acadian ores are aituated in the neighborhood of IsTge 
tracts of forests, capable of eupplj/ing almost any quantity of 
charcoal for the manufacture of the superior qualities of iron 
and steel. Several specimens of iron from these mines have 
been submitted to direct experiment, and the results prove its 
high powers to resist strain, ductility, and adaptation toil! 
thoao processes by which the finest description of wire and 
Btee! are manufactured. 

The difficulties which the Government have had to enconti- 
ter, during the last two years, in obtaining a sufficiently 
strong metal for artillery, are likely to be removed by the nse 
of the Acadian pig-iron. Large quantities have been pur- 
chased by the War Office, and experiments are now in prog- 
ress, under the direction of Lieutenant-Colonel WiJmot, In- 
spector of Artillery, and of Mr. Fairbairn, which seem cal- 
culated to establish the superiority of this metal for casting 
every description of heavy ordnance. 

There are also some very rich ores at the Nictaa mines, 
as the following analyses by Dr. Jackson show. They con- 
tain impressions of Silurian tentaculilies, spirifers, etc.: 
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As our limits are circiimscribed, it Till not b 
extend this eection further ; suffice it therefore to observe, that 
ID all countries nature has, with a beneficent purpose, interlaid 
and interstratiGed the whole surface of the globe with this 
useful and indispensable material, and it would ill bespeak that 
high intelligence with which man is endowed if he did not 
avail himself of, and turn to good account, the immense stores 
of mineral treasures which are so profusely laid at his feet. 



The inquiry into the properties and composition of the 
ores of iron, and the processes employed for their reduc- 
tion and subsequent conversion into bars and plates, would be 
incomplete unless accompanied by a descriptive analyses of 
the fuel by which they are fused. Indeed the results of the 
operations of smelting, puddling, etc., are so intimately de- 
pendent on the quality of the fuel employed, as to render a 
knowledge of its constituents essential to the manufacture of 
good iron. 

Charcoal was at first universally employed in the manufac- 
ture of iron, and on account of its purity compared with 
other kinds of fuel, and its strong chemical affinities and con- 
sequent high combustibility, it is of very superior value where 



J 



3S2 



Fi^i Black Abtb. 



it can be obt&lned in large quantities at a moderate cm 
This, however, is rarely the case, and hence its use i3^eet^^ 
ted within very narrow limits in most couDtriea. Charcoal is 
the result of several processes, in each of which the objeci 
is to increase the amount of fuel in a ^vcn bulk. The wood 
being cut into convenient lengths, and piled closelj^ together, 
in a large heap, the interstices being filled with the emaDer 
branches, and the whole being covered with wet charcoal pow- 
der, ia then act oa fire. Care is taken that only sufficient ur 
is admitted to consume the gaseous products of the wood, so u 
to maintain the high temperature without needlessly consunt- 
ing the carbon. After the whole of the gaseous prodocQ 
have been separated, and the carbon and salts only an 
left, the access of air is prevented, and the heap allowed Vt 
cool. 

Another and better process is to throw the wood into i 
large close oven or furnace, heated either by the combustion 
within it, or by a separate fire conducted in flues around it. 
By this process, not only is the yield greater and of belter 
quality, from the slower progress of the operation, but the 
products of the distillation may be preserved and empjojed 
for a great variety of purposes. The following results of 
some experiments by Karsten, show the difference in yield of 
very rapid and very slow processes : 
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These, on tho average, give for the quick process 15-3. 
and for the slow 25-6, being in the ratio of 1 : 1'67, or 0.6" 
in favor of the quick process. 

Peat. — This material seems likely to come into nse for 
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smelting iron to countries such as Ireland, where neitljer coal 
nor wood are found in abundance. It is purer and less ob> 
jcctionnble than coal, and if properly dried, compressed, and 
carbonized, would prove a very valuable fuel for the reduo- 
Uon of such ores as we have already described in the section 
tm the iron ores of Ireland. It is carbonized in the same 
w«y m the charring of wood. 

Coke. — Before the introduction of the hot-blast, thismate- 
riil was used to a very great extent in the manufacture of 
iron ; it is prepared from coal in the same way that charcoal 
is prepared from wood, the operation being called the coking 
or desulphurizing process. The heaps do not require so care- 
ful a regulation of the admission of air as those of charcoal, 
OQ account of the comparatively incombustible character of 
lb* coke. Sometimes the heaps are made large, with per- 
forated brick chimneys, to increase the draught through the 
mooods ; at other times they are formed into smaller heaps, 
and the conversion ukes place without the intervention of 
flnrs. The more usual ana economical plan is, however, the 
cmplDyment of close ovens, by which process a great saving 
is effected, the yield being from 80 to 50 per cent, in the one 
eiM, and from 50 to 75 in the other, according to the nature 
tod quality of the coal. 

Coal. — The hot-blast has enabled the ironmasters to use 
raw coal in the blast furnaces, the great heat of the ascending 
current of the products of combustion coking it as it falls 
in the furnace. The sulphur, however, and other deleterious 
ingredients, do not appear to bo so completely got rid of as 
when the coal ia used in the shape of coke ; and it appears 
probable that even with the hot blast, the separate process of 
coking might hv advantageously used, on account of the 
greater purity of the iron produced. 

The following tables, selected from various sources, give 
the composition of the different kinds of fuel, alt of which are 
applicable to the reduction and fusion of the iron ores : 
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According to Knapp, peat contains from 1 to 33 per cent, 
its weij^ht of ash. In coal we have the following from Mr. 
Mushet's analj-sea : 
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And again the analyses, from Overman, of the ash of coal, 
may be quoted, as showing the constitaents contained in the 
ashes derived from combustion : 



Sulphate of lime 

Lime 

Silex 

Oxide of iron . . 
Alamina 



80-3 
3-8 

14-2 
1-7 
00 


1000 



3-6 
25 
85-7 
00 
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1000 



The following table of the heating power of various kind s 
of fuel, from Knapp's Chemical Technology, is not without 
interest ; in practice, however, only a portion of the absolute 
heating power is made available : 
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I concluding the observations on fuel, we may notice thit 
ious kinds of coal ttre classed hy mineralogistd as tho 
.uOua, and stone or anthracite coal. The first claat is 
uy employed for the purpose of smelting, though, since 
introduction of the hot-blaat, anthracite is coming large!/ 
use both in this country and America. Mr. Crane of 
th Wales was the first who attempted the reduction of in» 
by anthracite, and Mr. Bu(ld,aC his works at Ystal/ftn, 
;w...«ed successfully in the same path. To these two gentle- 
men tho public are indebted for having surmounted the ob- 
stacles to the employment of this fuel for smeldng iron. 

THE MANUFACTURE OF IKON. 

The processes for the manufacture of iron, as we hite 
already pointed out, are of two distinct kinds, those of cemen- 
tation and those of smelting ; the product of the former ii 
imperfectly malleable iron, that of the latter, cast-iron, or 

iron combined with more or )es3 carbon. 

The first and older process is uncertain in its results, in- 
volves considerable expense, and aa there are no efficient 
means of getting rid of the earthy impurities, it necessitates 
the employment of rich magnetic, specular, or hematite ores; 
on account of these defects, it is now seldom employed. The 
ores to be reduced by this process were heated with charcoal 
in open furnaces, the fire being urged by a blast. The oiv- 
gen, water, and volatile substances were driven off, and the 
iron — carburized and partly fused — sunk to the bottom of the 
hearth. The blast was then directed downward, so aa to play 
over the surface of the iron, and oxidized the greater part of 
the combined carbon ; during this operation tbo iron became 
tough and malleable, and fit for the hammer. 

The process of smelting in the blast furnace is now almost 
universally adopted for the reduction of iron ores, and for the 
cheapness and working qualities of the metal produced, aa 
well as for the rapidity of the manufacture, it is decidedly 
superior to all others. 

Ores which contain much carbonic acid, water, or volatile 
matter, were at one time invariably subjected to a prepara- 
tory process of calcination, but since the introduction of the 
hot-blast, they are now frequently employed in the raw stale. 
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The calcination is sometimes effected in the open air, by stack- 
ing the ore with coal, setting fire to it, and allowing it to 
burn out ; but this method is liable to serious objection. It 
is impossible to keep the temperature umform throughout the 
heap, and in consecjucnce, while some portions are scarcely 
affected, others arc fused together into large masses, which 
cinnot be smelted without difficulty, even wLen broken up. 
Apart from the irregularity and uncertainty of the open air 
process, it appears to be more expensive than the calcination 
in kilns, when the admission of air is entirely under com- 
mand. These ovens or kilns are usually built of masonry, 
and are placed, if possible, on a level with the charging 
platform of the smelting furnace. The argillaceous ores lose, 
during this process, 20 to 30 per cent. ; tbe carbonaceous, 
30 to 40 per cent, of their weight. 

The blast furnace consists of a large mass of masonry, 
usually square at the base, from which the sides are carried 
up in a slightly slanting direction, so as to form, externally, a 
truncated pyramid. In the sides there are large arched re- 
cesses, in which are the openings into the furnace for the ad- 
mission of the blast, and for running out the metal and cin- 
der ; at the top of the furnace is a cylindrical erection of 
brickwork, called the tunnel-head, for protecting tbe workmen 
from the heated gases rising from the furnace, and having 
one or more doors through which tbe charges of ore, fuel, 
and flus are thrown into the furnace. In front, protected 
by a roof, is the casting-house, where the metal ia run from 
the furnace into moulds. 

Fig. 2 is a vertical section, and fig. 3 a plan of one of the 
fiimaces at the Dowlais Iron '\Vorks. Mr. Truran, in a re- 
cently published and elaborate work on iron, has figured and 
described it. He states that it is one of the largest class, 
38 feet square at the base, diminishing upward 3 inches for 
every vertical foot, till it attains a height of 25 feet, where 
the square form ends with a moulded cap; above this, the 
form is circular, diminishing in diameter at a similar rate, and 
finishing at top with a plain moulded cornice, as a support 
for the charging platform. In the section and plan A is the 
hearth, 8 feet high and 8 feet in diameter. BB the boshes, 
rising to the height of 15 feet, and 18 feet vide at their 
greatest diameter. From the top of the boehes the body of 
- 22 
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the furoace contracts, in a barrel-shaped curve, so that aX tb 
charging platform D, at a height of 50 feet, it is onl; ten fwt 
m diameter; E b the tunnel-head, with doorsof iron, toaUl 
the charges of ore and fuel ; FFF the tujere-houses, arched 
over and spread outward, with the openings into the funutt 
for admitting the blast. G, the opening through which iu 
iron is run from the furnace. The exterior is generally toill 
of stone, and requires to be strongly bound with iron hoci* 
to prevent fracture from the expansion of the interior hj tk 
heat. The interior is lined with fire-brick set in fire-clij, 
a space of 2 or 3 inches being left betweca the two coarxi, 
to allow the expansion of the inner course. The hearth lad | 
boshes were usually constructed of refractory sandstone giit, | 
or conglomerate, but fire-bricks are now chiefly used, isd i 
although they do not last so long, they are, in the end, Dxn I 
economical, and may be replaced whenever the furnace ii 
blown out, The proper inclination of the boshes is a pwnl 
of much importance, so that the materials, Tvtiilst smeltioj, ! 
may neither press too heavily downward, nor yet beso^^ 
tarded as to adhere in a haVf-litiuid slate to the brickwork, 
and cool there, thus forming what are known by the name ti 
icaffolds, the removal of which is a source of great iocoo- 
veniencc. 

Another form of furnace is occasionally used for smelting, 
called the cupola, and built much more slightly than tht 
blast furnace. Its form is circular, and from the boshes ojk 
ward It is constructed of fire-brick, one, or sometimes rto, 
courses in thickness. It ia strongly bound together will 
wrought-iron hoops, and pillars of cast-iron, bolted at ead 
end to imbedded rings of the same metal, rise through tin 
foundation to the summit of the tuyere arches, giving c» 
siderable firmness and stability to the structure. Cheapnw 
and facility of construction are much in its favor, and althon^ 
objections have been made to the thinness of its sides, as p* 
mitting great loss of heat by radiation, it has met with vat 
general adoption. 

In addition to the cupola furnace, another of the sun 
character has of lato years been introduced. It consls^^ 
a truncated cone, composed entirely of boiler plates riveW 
together. On the four opposite sides recesses are cut toti 
mit the tujetea w\i '.he o^jenioj from the hearth into tki 
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casting-liouse. Tbo interior of the furnace is lined nith fire- 
brick and Gre-clay in tlie usual nay, and tbia plate furnace 
is not only perfectly secure, as regards tho expansion and 
COQtractioD, but it is found to be economical and to answer 
ievery purpose in common with the large atooe and iron-bound 
"irnacea. 

Tbe blast is usually created by a steam-engine ; a piston 
leing attached to the extremity of the beam, working in a 
rylinder of large diameter, and forcing the air through 'proper 
B into a large spherical reservoir, constructed of boiter- 
pl&te, whence its oi?n elasticity causes it to flow in a regular 
inintermitting stream into tbe furnace. A cylindrical vessel, 
Bopen at bottom, and immersed in a pit of water, has some- 
times been used to regulate the pressure of the blast, but the 
BvBter evaporated is detrimental to the working of the furnace. 
■ The nozzles by which the blast ia directed into the furnace 
wue made of cast or wrought-iron, and sometimes a current 
ftt>f water is conveyed round their extremities to keep them 
f cool. The number of blow-pipe nozzles to each furnace varies 
|U different vorks ; the usual number is three, one for each 
Tof the tuyere houses, but sometimes six, eight, or twelve are 
employed ; it, however, appears questionable whether this is 
not objectionable, as tbe density and penetrating power of 
the blast is considerably diminished by this system of diffusion. 

I This, however, is a point which can only be decided by prac- 
tice, and must be left to the judgment of the smelter. Tbs 
usual pressure of the blast as it enters into the furnace ie 
8^ lbs. per square inch, but in some cases it is aa much as 
6 tba. per square inch. 
Tho communication between the ground and the tunnel- 
head is effected in various ways. In South Wales the fur- 
naces are usually built on a declivity, which affords ready 
means of access from behind; sometimes an incline is con- 
structed, or other contrivances, such as the balance and pneu- 
matic lifts, are resorted to for tbo elevation of the materials. 
The dimensions and form of the blast furnace vary greatly, 
according to the fashion of the district, and the notions 
builder. Yet so much does tbe quantity and quality of the 
iron depend upon the size of the furnace and strength of the 
blast, that we may venture to assort that the production varies 
in the ratio of the cubical contents of the furnace, and the 
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volume of air admitted. Mr. Truran gives the following 
particulare of the Dowlais Foundry iron furnace: ''Tbe 
capacity is 275 cuhic yards. It is blown with a blast of 
5390 cubic feet of [cold] air per minute. The materials 
charged at the top consist of calcined argillaceous ore, coal, 
and limestone. The yield or consumption averagea 48 cwta. 
of calcined ore, 50 cwts. of coal, and 17 cwts. of broken 
limestone, to 20 cwts. of crude iron obtuned. The weekl; 
make of iron is occasionally over ISO tons. The weekly 
product of cinder amounts to 250 tons. For the prodnction 
of white iron for the forge, in furnaces of the same capacil; 
as the foregoing, a larger volume of the blast ia em)>loyed, 
along with a different burden of materials. Thq blast aver- 
ages 7370 feet per minute. The conEumption of materials 
to one ton of iron averages 28 cwts. of calcined argillaceous 
ore, 10 cwtB. of hiematite, 10 cwts. of forge and finery 
cinders, 42 cwts. of coal, and 14 cwts. of limestone. With 
these materials the weekly produce amounts to 170 tons of 
crude iron, and 310 tons of cinder." 

Tlie action which takes place in the blast furnace is as 
follows : The contents being raised to an intense heat by 
the combustion of the fuel, are brought into a softened state ; 
the limestone parts with its carbonic acid, and combining 
with the earthy ingredients of the ironstone, forms, with them, 
a liquid slag, whilst the separated metallic particles, descend- 
ing slowly through the furnace, are deoxidized and fused ; in 
their passage they imbibo a portion of carbon, and at last 
settle down in the hearth, from whence they are mn off into 
pigs about every twelve hours ; the slag, being lighter. Hosts 
upon the surface of the liquid metal, and is couatanlty flow- 
ing out over a notch in the dam-plate, level with the top 
of the hearth. This slag indicates, by its appearance, the 
manner in which the furnace is working ; thus, if the cinder 
is liquid, nearly transparent, or of a light grayish color, ud 
has a fracture like limestone, a favorable state of the furnace 
is indicated. Tints of blue, yellow, or green are caused by 
a portion of oxide of iron passing into the slag, and show 
that the furnace is working cold. The worst appearanoe d 
the cinder is, however, a deep brown or black color, the i 
flowing in a broad hot rugged stream, and indicating that 
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supply of coke is not auSclent to deoxidize the ivhole of tLe 
iron. 

During the process of smelting, the interior of the furnace 
requires to be very carefully watched. The stream of air 
constantly rushing in at the tuyeres, exerts a chilling agency 
on the melted matter directly opposed to it at its entrance. 
The consequence of this is the formation of rude perforated 
cones of indurated scoriae, stretching from either side hori- 
zontally into the furnace, each one having its base directly over 
the embouchure of a blast-pipe. When these project only 
to a certain extent, thoy arc favorable to the working of the 
furnace, as the blast is thrown into the center, and prevented 
from passing up the sides and burning the brickwork. Some- 
times, however, when the furnace is driving cold and slow, 
these conduits of slag become so strong, and jut out so far 
as to meet in the middle, and thus cause a great obstruction 
to the entrance and ascent of the blast. When this happens, 
there is usually no remedy but to increase the burden, that 
is, to increase the quantity of mine or ore to the charge. 
This causes an intense heat, the furnace is said to work hot, 
and the conduits of slag drop off from the sides. This, 
however, is followed by bad as well as good consequences ; 
the brickwork is frequently melted, and, for a time, the iron 
produced is small in quantity and of the worst quality. To 
bring the furnace again to its proper state, the burden must 
be reduced ; the sides then become cool, new tubes of slag 
are formed, and the iron produced is good. 

At the end of every twelve hours, more or less, the furnace 
is tappe(^, that is to say, the apcnuro in the dam-stone, which, 
&t the commencement, had been stopped up with a mixture of 
loam and sand, is re-opened, and the metal contained in the 
hearth allowed to flow out into moulds, made in the sand of 
the cast-house floor, thus forming a cast or sough of pigs. 
When this operation ceases, the dam-stone is again secured, 
and the work proceeds as before. In this manner a furnace 
is kept continually going, night and day, and never ceases to 
work until repairs are necessary. Incessant action has even been 
thought necessary to the successful carrying on of an iron- 
work, but the example of perhaps the largest ironmaster in 
South Wales has shown, contrary to general practice in "' 
district, that smelting may be discontinued for at least 
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day in the week without any very serious derangement 
operfttiong. 

Thus far we have conGnod our ohaervationa lo the prodi 
tion of iron by the cold-blast process ; we have now to a 
aider the changes introduced by the employment of a heated 
blast. ■ 

la the year 182S, Mr. J. Beaumont Keilson, a prsol 
engineer at Glasgow, took out a patent for an " impr 
application of air to produce heat in fires, forges, and 
naces, where bellows or other blowing apparatus are re- 
quired." Mr. Neilson proposed to pass the current of air 
through suitably shaped vessels, where it was to he heat 
hrfort it entered Che furnace. In this simple substitutii 
a hot-hlast, heated in a separate apparatus, for a cold-l 
heated in the furnace itself, consists the whole invention. 

Like most other improvements, the progress of this was 
first slow. Retarded by practical difficulties, which beset all 
new processes in their first use — stopped every now and then 
hy the prejudices of custom and ignorance, which cHng with 
inveterate tenacity to maxims of established practice, and re- 
pel indiscriminately innovations which improve and those 
which modify without improving — the invention was more 
than once on the point of being abandoned. A great part 
of tho interest in its possible remuneration was transferred 
by the inventor to strangers, whose combined efforts and influ- 
ence were necessary to insure its success. But though 
tardy in its first steps and feeble in its early efibrts, the hot-t 
process is now adopted at the greater number of the iron-wi 
of Great Britain, and other parts of Europe and Amerit 

It is perhaps not generally known that practical men, pr^ 
vious to Mr. Neilson's invention, universally believed thit 
the colder the blast the better was the quality and (juantitydf 
the iron produced: and this opinion appeared to be confii 
by the fact that the furnaces worked better in winter thi 
summer. Acting on such views, the ironmaster actoaHjri 
sorted to artificial means of refrigeration, to reduce th« 
perature of the blast before it entered the furnace, 
fact of the improved action of the furnace in winter may 
haps be explained as a consequence of the diminished ami 
of the aqueous vapor contained in the atmospher 
weather; and the optnioii that tho low tcmperati 
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cause of the alleged iocrease of production bus been sbotrn 
to be wrong by the success of Mr. Neilson's invention. 

This simple invention affects only the transit of the air from 
tte blowing cylinder to tbe furnace, an oven or stove being 
interposed, through nhich, in appropriately shaped vessels, 
the air in conducted, and in which it ia heated to 600° or 
800° Fahr.,or to any other temperature adapted for tbe pur- 
pose of smelting. 

The earliest and simplest plan by which tbe blast was heat- 
ed is shown in the sketch, fig. 4. In an oven of brickwork 
OOOO, with a fire fed by the door D, a large cylindrical tube 
or receiver h h, made of riveted boiler-plate, about 3 feet in 
diameter, and 8 or 10 feet long, was placed. The pipes, B 
and S, attached to the receiver A A at the opposite ends, 
communicated with the blowing-cylinder and smel ting-furnace 
respectively. Lunular partitions ppp, projecting from op- 
posite sides on the interior of tbe receiver, caused the air 
passing through it to inpioge alternately first on one side and 
then on tbe other, in order that the temperature might be 
uniformly and effectively communicated from the metal to 
tbo blast. By this means a moderate current of air has been 
heated up to 300° or 400° Fahr.* 

The figures of the transverse pipes vary considerably at 
different iron-works. Sometimes they rise up and form a 
large semicircular arch over the fire, 8 or 10 feet perpendicu- 
larly, and are then connected by an arcb at the top ; Bome- 
timea they cross the fire in the form of a pointed areb, vari- 
ously acuminate, or a single large tube is used, traversing 
tbe furnace in a long spiral direction. Their cross-section 
ia as various as the form in which they are bent ; pipes of 
circular, flattened, elliptical, rectangular, heart-shaped, and 
other sectional forms have been employed, in order to increase 
the heating surface in proportion to tbo volume of the blast. 
All these forms of apparatus, although admirably adapted for 
heating the air, are liable to fracture, from the unequal ex- 
pansion of the metal. 

The more difficult the reduction of the ironstone the smaller 
must be the diameter of the hearth, so as to enable the blast 
to penetrate and circulate throughout tbe whole of its con- 
tents. In other conditions, where the ores are easily reduced, 

* Vaciooa modiflcatloiu of thl« pUa 
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hearths of 9 feet diameter have been introduced with grut 
advantage, and that without detriment to the quality of tlu 
iron produced. The diameter of the body of the furnace is 
likewise regulated by the quality of the materials uaed, and 
in cases where the coal is not bituminous, and the ore hard, 
a large diameter is found to work very irregularly ; and the 
reaults have been, whero furnaces have been erected 18 feet 
diameter, to have them reduced to only 6 feot. 

The height of the furnace is also regulated by the nature 
of the materials and the strength of the blast by which UieT 
are reduced. Sometimes, when the coal is sou and crushct 
by the superincumbent pressure, it is bound or compressed Ui 
Bucb an extent as to prevent the blast from penetrating the moss, 
and causes an irregular working of the furnace ; and, more- 
over, under these conditions, it makea what is called white ot 
ailverj iron. 

The pressure of the blast requires also to be regulated to 
suit the materials, and, according to the workings at Coltnesa 
Works, the presanre is about 4 lbs. on the square inch, and u 
much as 10,000 cubic feet of air is discharged into the fur- 
nace per minute. The temperature of the blast is 594° Fahr., 
and the area of the heating surface of the apparatus for 
raising that temperature is 3500 square feet. 

The quantity of materials to make a ton of iron at these 
works varies in some relative proportion to tbeir densities ; 
but the following may be taken as a fair average of the cod- 
sumplion of fuel, ore, limestone, etc. : 

t™. cm. Too, Cnt. 

I lii or raw oonl. I " ^ °^ '^'"' ''"' beaten. 

1 IT orcalcirKxl iroD^ione. j 4 of '' for blowlageagine. 



With regard to the advantages and defects of the hot-blast 
process, much has been said on both sides, and the question 
does not appear by any means settled. It is asserted, on the 
■i)ne hand, that iron reduced by the hot-blast loses much of 
its strength, whilst, on the other, it is contended that the 
quality of the iron is richer, moro fluid, and better adapted 
for general purposes than that produced by the cold-blast 
The advocates of the hot-blast say that the process has in- 
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creased tbo production and diminished the consumption of 
coat three or four fold ; and the upholders of the oold-blast 
maintain that the same effects may be produced, to almost 
the eame extent, hy a judicious proportion of the shape and 
size of the interior of the furnace, a denser blast, and greater 
attention on the part of the superintendent to the process. 

On these points it appears to us that although the hot-blast 
has enabled the manufacturer to smelt inferior ores, cinder- 
heaps, and other improper materials, and to send into the 
market an inferior description of iron ; this is no reason for 
its rejection, but rather an argument in its favor. It is true 
that when a strong rigid iron is required for such works as 
bridges or artillery, the somewhat uncertain character of bot- 
blast metal renders it objectionable, but this appears to be due 
rather to the carelessness or want of attention in the manu- 
facture than to the use of heated air or defects in the process. 
On tbo other hand, the hot-hlast, bj maintaining a higher 
temperature in the furnace, insures more effectually the com- 
bination of the carbon with the iron, and produces a fluid 
metal of good working qualities, generally superior to cold- 
blast iron, in caaes where great strength is not required ; and, 
moreover, we have yet to learn why even the strongest and most 
rigid iron cannot bo made by this process. The comparative 
strength of hot and co!d-blaat iron will, however, be given in 
another part of this article ; for tho present it is sufficient 
to observe that the results of the experiments are not unfa- 
vorable to the hot-blast iron, either as regards its resistance 
to a transverse strain, or its power to resist impact. 

Dr. Clark, Professor of Chemistry in the University of 
Aberdeen, investigated the merits of the hot and cold-blast 
process in regard to the consumption of fuel, as early as 
3834-5. He states, that after the hot-blast had been brought 
fully into operation at the Clyde Iron Works, "during the 
first six months of the year 1833, one ton of cast-iron was 
made by means of 2 tons 5^ cwC. of coal, which bad not 
previously to be converted into coke ; adding to this 8 cwt. 
of coal for heating, we have 2 tons 13i owt. of coal re- 
quired to make one ton of iron. In 1829, when the cold- 
blast was in operation, 8 tons IJ cwt. of coal had to be 
used. This being almost exactly three limes as much, we 
have from the change of the cold-blast to the hot, combined 
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1 the use of coal instead of coke, three times aa vnii 
r made from the same t|uantitj of coal." Dr. Clark sddi 
following statistics of the Clyde Iron Works : 
■' In 1829, the weekly produce of three furDaces, cold air 
, coke being used, was 110 tons 14 cwt. ; and the aTe> 
of coal to one ton of iron was 8 tons 1 cwt. 1 qr. 
In 1830, the weekly produce of three furnaces, coke, atA 
at 800° Fahr. being used, was 162 tons 2 cwt. ; and ihe 
rftge of coal to one ton of iron was reduced to 5 tom i 
. Iqr. 
*• In 1833, the weekly produce of four furnaces, rate cod. 
id air heated to 000° being used, was 245 tons; and tin 
irage of coal to one ton of iron was reduced to 2 tons 5 
1. 1 qr. 

-' On tho whole then, the application of the hot-blast hu 
Bed the same fuel to reduce three times as macb iron u 
Dwore, and the same blast twice as much." 

This decrease in the amount of fuel and blast required for 
the reduction of iron, Dr. Clark accounts for by showing that 
in an ordinary furnace, " 2 cwt. of air a minute or 6 tons 
an hour are injected into the furnace." This he considers 
" a tremendous refrigeratory passing through the hottest part 
of the furnace," and to a great extent repressing the temper- 
ature which is necessary for the complete and rapid reduction 
of the iron. 

Mr. Truran considers that " writers on the hot-blast have 
greatly exaggerated the effects of this invention on the iron 
manufacture of this country. If we are to believe the ma- 
jority of them, the great reductions which have been effected 
within the lust 25 years, in the quantities of fuel and flux to 
smelt a given weight of iron, and the large increase of make 
from the furnaces, is entirely owing to the use of this inven- 
taon. That the hot-blast, under certain circumstances, has 
also effected a saving in the consumption of fuel, and also 
augmented the weekly make, we freely admit. But the 
Having of fuel, and increase of make due to its employment, 
is not generally one-fourth of the quantity which writers 
have asserted." Here Mr. Truran is at issue with Dr. Clark, 
and denies the cooling effect of a cold-blast. He attributes 
the effects of a heated-blast, " first to the caloric thrown into 
the furnace along with the blast, enabUng a corresponding 
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qoantity of coal to be withdrawn from the burden of mate- 
rials, with a proportionate reduction in the volume of blast, 
the effects of which are Been in an augmentation of the make, 
but do not result in the saving of fuel ; secondly, to the re- 
duced volume of blast and large proportion of caloric which 
it carries into the furnace, causing a diminished consumptioa 
of fuel in the upper parts of the furnace." Although we 
do not agree with all Mr. Truran's strictures on the hot-blast, 
the consumption of fuel in the throat is, nevertheless, a ques- 
tion well worthy of investigation. The combustion ia of 
course largely increased by the narrow form of throat given 
to furnaces, which greatly increases the effect of the blast 
there, and accounts for the difficulty of using those kinds of 
coal, in the raw state, which splinter if rapidly heated. If 
Mr. Truran's conjectures be correct, and it be found, that 
by increasing the area of the throat, raw coal and anthracite 
can be advantageously used with the cold-blast, the superi- 
ority of the hotrblast will not be so decidedly marked. This 
must, however, be determined hy practice; as at present, 
certainly, it Is well known that the anthracite and splint coal 
can be used most effectively and economically with the hot- 
blast. 

We quote from one more authority on this subject. M. 
Dufrtlnoy, in his report to the Director-General of Mines in 
France, states, that upon heating the air proceeding from the 
blowing cylinder up to 612° Fahr., a considerable aaving in 
fuel was effected by the use of raw coal instead of coke, and 
that this caused no derangement of the working of the fur- 
nace or deterioration of the iron produced. On the contrary, 
"the quality of the metal was improved, and afurnace which, 
when charged with coke, produced only about half No. 1 and 
half No. 2 pig-iron, gave a much larger proportion of No. t 
after the substitution of raw coal. Besides this, the quantity 
of limestone was considerably diminished." This last cir- 
cumstance, according to M. Dufri5noy, is due to the increased 
temperature of the furnace, which fuses more readily the 
earthy matter and other impurities in combination with the 
ores. 

To show the saving effected, M. DufrSnoy gives the quan- 
tities used in each of the experiments at the Clyde Iron 
Worka: 
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In 1629. the comhuatioD bdng prodaccd t^cold lir, the ontMniDpUMih L 
one too of iron «»« — 

Tou. C>t. Tkat. Cv 
CcttI— fur fnikm, S tons of coke, 

curre^poDdiQg with . 6 13 

" for blawiag eogine . I 

Total cofll iiBed . . . . 7 13 J, 

LimctKone " ^^ 1 

lu 1631, the ruriwcp» being blown witb ^r bnled to 4&0° Fahr.— I 
Ton.. CwU Tdu l>t 1 

Coal— for ruKloD, 1 ton IS cnt. < 

cnk?, coTTLtipo ailing wilh . 4 G 

" for tbfi hoi «ir apparatus S 

■' lor blowiag coBioe ■ ' 

Total conl used .... i \& 

LinifBtone .... II 9 

In Jnly, 1833. the tempcnitiire of the blaat being ruspd lo Sir Tulit- 
tnd the iu«oq cBected by ram teal, Mae cODsamptioQ per too o( Iron km— 
Tana- C*t. Toat. CWL 
Coftl-forfiiPion ...20 \ 

" for the hot air appantos 8 

" for blowing engioe 11 

Total cottl atMMl .... 2 19 

Since that time, the employment of a blast heat«d to 800' 
or 900° has still further increased the weekly production aoJ 
saving of fuel. 

The Waue Gcue». — From the description that we ha« 
given of the smelting operations, it is evident that a large 
volume of gaseous products are constantly escaping at ^e 
top of the blast-furnace. These are found to contain a largo 
proportion of unconsumed inflammable gas, capable of de- 
veloping heat, and in countries where fuel is expensive, it is 
of great importance that these should be applied to useful 
purposes, and not be wasted in the atmosphere. Various con- 
trivances have been adopted for this purpose, and in some 
places, particularly on the Continent, they have been utiliied 
with great economy. 

To enable the waste gases to be collected and applied to 
raising steam, heating hot-blast stoves, etc., without detri- 
ment to the working of the blast-furnace, it is necessarj' ^ 
withdraw them at an elevation where they have completed 
their work, yet at such a distance from the mouth of the fu^ 
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■ nace tliat they may be extracted id a dry state, and before 
, they come into contact with the atmosphere, so as to cause 
combustion. This may be effected, either by ittcreaaing the 
height of the blast-furnace, withdrawing a portion of the 
gases through apertures in the side, or, if the furnace be not 
too large, by closing the top of the furnace with a movable 
door. 

The Conversion of Crude into Malleable Iron. 

The conversion oF the carhurized crude iron, obtained from 
the blast-furnace, into malleable or wrought iron is effected 
by several operations of an oxidizing character, in which it 
is sought to separate, in the gaseous state, the carbon con- 
tained in the iron, by combining it with oxygen, whibt the 

, other metals alloyed with the iron and the phosphorus pass 
into tlie slag. 

In reference to subsequent operations, the iron produced 
in the smelting furnace may be bo divided into two Vinds — 
that reduced by charcoal and that reduced by coke or raw 
coal. When charcoal iron has to be converted by charcoal, 
03 in Sweden, it is decarburized in the charcoal refinery, with 

' or without an intervening process. Where coal can be ob- 

' tained, however, it Is now usually converted by the process 

- of puddling. Pig-iron produced by coke or coal is converted 

into malleable iron either by decarburatioR in the refinery 

f or oxidizing hearth, and subsequent puddling, or it is coti- 

I verted at once in the puddling furnace by the process of 
boiling, which is equally effective, and is now more generally 
i practiced. 
This last process, as the one most generally adopted in 
Great Britain, deserves a special notice, and we are fortunate 
in having before us the particulars of the manner in which it 
ia conducted by Messrs. Rushton and Eckersley of Bolton. 
This establishment is probably one of the most modern and 
complete of the kind in the kingdom ; it is one that has 
spared no expense in the application of useful inventions, and 
haa kept pace with every improvement that has taken plase 
in the manufacture of bar and plate iron for the last fiheen 
years. 

The machinery and appliances at these works consist of^ 
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2 Fi»e-loQ and 2 flfly-cwt. steam b — 

3 Hiilre tuiminn«. 
1 Svl or puddled Iron rolls. 
1 Spt of boiler plate rolls. 
1 UerotiKDl train and balliag mill. 

IG Piiddliae rnroBces. 
14 Bnlllug nod wrnp faraacM. 
..id other mucliiricry, «ucli as ptalp and liar cbeftrs, lathes 

At Messrs. Rushton and Eckersley's works, a BmaU fn- 
Ttion of the Cumberland haematite ore is mixed with tU 
iide pig-iron to be converted, as it, is found to assist tnlbt 
ceas of boiling in the puddling furnace, and in other n- 
ct8 to facilitate the process and improve the qualityof lit 

'he crude pig-iron is assorted according to the degree mi 
brmity of its carburization, and classed as Nos. 1, 2, S, 

:. ; No. 1 being most highly' carburizcd, No. 2 leas so, u^ | 
BO on to No. 4, whicb contms much more oxygen than th* I 
others. The carbon combined with iron gives It fusibility ud I 
fluidity, but deprives it of ductility. To render it majleablf 1 
and capable of being welded, it must be deprived as hi a 
possible of all the extraneous substances which have been | 
mixed with it in the blast-furnace, more especially of tlie ca^ j 
bon. Primafacie, therefore, it would appear that the highlj 
carburlzed pig-iron is the moat suitable for casting, wbiist thsl I 
containing least carbon is best adapted for conversion into 
malleable iron ; hence, in the trade, the crude iron ia divided 
into foundry and forge pigs. 

Thepigs, however, in which carbon most predominates, aad 
which, as a rule, have been most effectually separated from 
all other impurities during the process of smelting, are in many 
respects preferable for the manufacture of wrought iron; up 
to this time, however, great practical difficulties have attended 
the decarburization of iron containing bo much carbon, aod 
the white or forge iron is almost always preferred, measures 
having been taken for depriving it of the metals and earthy I 
impurities not separated in the blast-furnace. I 

With regard to the process of refining, we may observe I 
that the crude iron is melted in a hollow fire, and partialis 
decarburized by the action of a blast of air forced over iii 
surface by a fan or blowing engine. The carbon having s , 
greater affinity for the oxygen than for the iron, combine 
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with it, and passes oS* as gaseous carbonic oxide or carbonic 
acid. During this process, a portion of the silicum, etc., is 
fused out and separated from the iron. It ia obvious from 
the above that the iron to be refined, being placed in contact 
vith fuel at a high temperature, is liable to be deteriorated 
by the admixture of sulphur and other impurities of the fuel; 
and as the iron is only partially exposed to the action of the 
blast, the operation is necessarily, under these circumstances, 
imperfect. From the refinery the metal is run out into large 
moulds, and is then broken up into what is technically dis- 
tinguished as "plate-metal." 

The process of puddling succeeds that of refining ; and 
in this operation the re verberatory furnace is employed, with 
the fire separated by a partition or bridge from the hearth, 
OQ which is placed the metal to be puddled. By this ar- 
rangement the flame is conducted over the surface of the 
metal, creating an intense heat, though the deleterious por- 
tions of the fuel cannot mix with the iron. In this furnace 
the iron is kept in a state of fusion, whilst the workman, 
called t le " puddler," by means of a rake or rabble, agitates 
the metal so as to expose, as far as he is able, the whole of 
the charge to the action of the oxygen passing over it from 
the fire. By this means the carbon is oxidized, and the metal 
is gradually reduced to a tough, pasty condition, and subse- 
quently to a granular form, somewhat resembling heaps of 
boiled rice with the grains greatly enlarged. In this condi- 
tion of the furnace the cinder or earthy impurities yield to 
the intense heat, and flow off from the mass over the bottom 
in a highly fluid state. 

The iron at this stage is comparatively pure, and quickly 
becomes capable of agglutination; the puddler then collects 
the metallic granules or particles with his rabble, and rolls 
them together, backward and forward, over the furnace bot- 
tom, into balls of convenient dimensions (about the size of 
thirteen-inch shells), when he removes them from the furnace 
to be subjected to the action of the hammer or mechanical 
pressure necessary to give to the iron homogeneity and fiber. 
These processes of refining and puddhng have universally 
been employed till recently ; but improvements have rendered 
it simpler, and the refining process is now very generally 
abolished. 
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Shordy after the empIoyiDent of the pnddting proetM,!! 
was found advaDtageous to mix a portion of crude iron wiA 
the refined plate metal, the expense of the process of refin- 
ing being saved ution the iron used in the crude state ; sod 
trusting to the decarbnrizing eflects of the puddling furnace, 
it Ka9 found that the refining process might be altogether ^ 
pensed with, if the crude iron contaiaing a proportion of oi- 
ygen and very little carbon vas employed. In this angle 
process it ia to he observed, that as all the carbon has to be 
got rid of in the puddling furnace, the evololion of gas is 
much more violent, the fluid iron boiling and bubbViDg ener- 
getically dnriog the period of its disengagement, and h«ic« 
tiie operatioQ has acquired the popular name of the " boiling" 



In this operadon the pig-iron when melted is more flniii, 
00 account of containing a greater proportion cf carbon tiiis 
the metal from the refinery, and reiiviircs more labor in EIi^ 
ring it about and submitting it to the action of the enrrentof 
air ; the process, moreover, is attended By a greater warte 
of iron than puddling either plate, or crude iron and plate 
mixed, but not so great a loss aa in the two operations of re- 
fining and puddling. It must, however, be admitted that &t 
superior fluidity of the iron in the boiling process has a more 
injurious action on the furnace. Notwithstanding these ob- 
jections, the system of boiling without the intermediate pro- 
cess of refining has been gaining ground for the last ten years, 
and in many places has entirely superseded the use of the 
refinery; recent events have therefore led to the conclusion, 
that in a short time the refining process will have become a 
thing of the past. 

Numerous attempts have been made to secure a more sci- 
entific and perfect dccarbunzation of the crude iron, hot 
without success. One improvement, however, recently pat- 
ented by Mr. James Naamyth, gives promise of making the 
boiling process as nearly perfect as we may hope to see it. 
It has been in use for two years at the Bolton Iron Works, 
and from its constant employment in the puddling furnaces 
of that establish men t, it has given direct proof of its utility, 
and is gradually extending itself among the large manufac- 
turers as its advantages become known. 

The invention consists of the introduction of a small qnao- 
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of steam at about 5 lbs. pressure per square iuch, into 
le molten metal as soon as it is fused, as the oxygen of the 
steam has at that high temperature a greater affinity for car- 
bon than for the hydrogen with which it ia combined or for 
the iron, the carbon is rapidly oxidized off. The liberated 
bvdrogen has no affinity for the iron, but unites with sulphur, 
phosphorus, arsenic, etc, — substances very injurious to tbo 
quality of the iron, if present even in very minute quantities, 
and yet frequently found in the ores and fuel. 

The mode of operating is as follows : The steam is con- 
veyed from the boiler to a vertical pipe fixed near the fur- 
nace door, having at its lower end a small tap or syphon, to 
let off the condensed steam, and prevent its being blown into 
the furnace. A cock with several jointed pieces of pipe are 
fastened to the flange of the vertical pipe, so as to form, as 
it were, jointed bracket pipes, somewhat similar to those of 
gas-pipes, which allow free motion in every direction. This 
apparatus is introduced into the furnace, immediately the iron 
is melted, the puddler moving it slowly about in the molten 
iron, while the steam pours upon it through the bent end of 
the tube. In the course of from five to eight minutes the 
mass begins to thicken, the steam pipe is withdrawn, and the 
operation finished in the ordinary way with the common iron 
rabble. The time saved by this process in every operation or 
heat, aa it is technically called, averages from ten to fifteen 
minutes, and that during the hottest and most laborious part of 
the operation. 

By means of this apparatus, the highly carburized pig-iron, 
which is the most free from impurities, is rendered malleable 
ID one furnace operation, without the deteriorating adjuncts of 
the refining and puddling process as ordinarily practiced ; In 
this operation no deleterious substance can combine with the 
iron, whilst in the refinery process tlo mixture of the fuel 
and metal is liable to deteriorate the latter with sulphur, sili- 
cum, etc. This new process, it is affirmed, has a beneficial 
effect in purifying the iron with greater economy and rapid- 
ity than any other process with which we are acquainted. 

Irrespective of the improvements just described, there is 
another which is extensively used on the Continent, denom- 
inated the Silesian gas furnace. The new Silesian furnaces 
irhich are used in the manufacture of iron in that country, 
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in place of our reverberatory air furnaces, nod are Baid,oa 
good authority, to be a very great improvement, not onlj in 
regard to tho entire prevention of emoke and the economy 
of fuel, but also In aimplifying the vrrougbt-iron manufacWK, 
and enabling a less akillcd class of workmen to manage tlis 
furnaces. 

The chief feature is tLo gas generator, which raay bo de- 
scribed as a close brick chamber with an opening at the bot- 
tom for the admission of air from a fan, by means of nhicli 
the gases are driven out of the chamber into the funiici' 
amongst the iron to be heated. At the point where the g»K5 
enter the furnace, a aerieaof tuyeres are provided for thead- 
miBsion of air from the same fan. The pipes that convey tlie 
air and the gaa from the retort to the tuyeres are both [iro- 
vided with valves in order that tho attendant may modify the 
quantity from either source, so as to produce any intensily of 
flame the work may require, and also to produce perfect com- 
bustion, thus placing the entire action of the furnace uuiJer 
complete control. It is aU'ut tlevejj ycara since tlesi kr- 
nacea were first introduced, and notwithstanding the prejudices 
that were naturally raised against them, they are said lobe 
now extensively adopted in the Silesian district, and in grcit 
favor with both the master and the workmen. 

In this deacription of furnace there appear to be three 
great advantages over the air furnace — 

lit. The entire absence of smoke in consequence of com- 
plete combustion. 

2d. The saving of upward of 33 percent, in fuel, from 
the whole of the gaseous products being made available, aad 
there being no necessity for the flame to pass up the chimnej 
to produce draught, as in the case of the reverberatory fur- 
nace, which requires an inordinate supply of fuel as compired 
with what is wanted to work the fan. 

3ii. The absolute control the attendant has over the fur- 
nace, as regards the temperature and the simplicity wilb 
which it can be worked. Its operations in this respect are, 
according to those who have seen it at work, so perfect sa to 
be as precise in its action as a machine. 

An apparently new light has been thrown on the convemco 
of iron, by a paper read by Mr. II. Bessemer at the meeting 
of the British Aaeociation for the advancement of adeiice, 
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-held at Cheltenham in August, 1856. In this paper the 
. ftnthor announces to the world the discoverj of an entirely 
QMw system of operations for the manufacture of malleable 
iMdu and steel. The crude metal is converted, by one simple 
' wocess, directly as it comes from the blast-furnace. We should 
oetract from its clearness did we attempt to curtail the lucid 
description in which Mr. Bessemer has recommended his inven- 
tion to the manufacturers and the public ; we therefore give 
Ae account in his own words : 

Mr. Bessemer states that '' for the last two years his atten- 
tion has been almost exclusively directed to the manufacture 
of malleable iron and steel, in which, however, he had made 
bnt little progress until within the last eight or nine months. 
The constant pulling down and rebuilding of furnaces, and 
the toil of daily experiments with large charges of iron, had 
begun to exhaust his patience, but the numerous observations 
he had made during this very unpromising period, all tended to 
confirm an entirely new view of the subject, which at that 
time forced itself upon his attention, viz. — that he could pro- 
duce a much more intense heat, without any furnace or fuel, 
than could be obtained by either of the modifications he had 
used, and consequently, that he should not only avoid the 
injurious action of mineral fuel on the iron under operation, 
but that he would, at the same time, avoid also the expense 
of the fuel. Some preliminary trials were made on from 
10 lbs. to 20 lbs. of iron, and although the process was 
fraught with considerable difficulty, it exhibited such unmis- 
takable signs of "Success, as to induce him at once to put up 
in apparatus capable of converting about 7 cwt. of crude 
pg-iron into malleable iron in 30 minutes. With such masses 
of metal to operate on, the difficulties which beset the small 
laboratory experiments of 10 lbs. entirely disappeared. On 
this new field of inquiry, he set out with the assumption that 
crude iron contains about 5 per cent, of carbon ; that carbon 
cannot exist at a white heat in the presence of oxygen with- 
out uniting therewith, and producing combustion ; that such 
combustion would proceed with a rapidity dependent on the 
amount of surface of carbon exposed ; and, lastly, that the 
temperature which the metal would acquire would also be de- 
pendent on the rapidity with which the oxygen and carbon 
were made to combine, and consequently, that it was only neces- 
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sary to bring the oxygen and carbon togetber in such a nu- 
ner that a vast surface should be ex-posed to their tODtail 
action, ID order to produce a temperature hitherto uoattaiBi- 
ble in our largest furnaces. With n view of testing pncfr- 
cally this theory, he constructed a cylindrical vessel ofthne 
feet in diameter, and five feet in height, somewhat like in 
ordinary cupola furnace, the interior of which was lined will 
fire-bricks, and at about two inches from the bottom of il be 
inserted five tuyere pipes, the nozzles of which were fonnedrf 
well-burnt fire ctay, the orifice of each tuyere being sbirat 
three-eighths of an inch in diameter ; they were fmt intoflic 
brick lining from the outside, so as to admit of their reiwil 
and renewal in a few minutes, when they were worn out. At 
one side of the vessel, about half way up from the botloni, 
there was a bole made for running in the crude metal, ud 
in the opposite side was a tap-hole, stopped with lown, ^ 
means of which the iron was run out at the end of the pr»- 
cesa. In practice, this converting veaael may be mide of 1 
any convenient size, but he prefers that it should not hold less > 
than one or more than five tons of fluid iron at each charge. , 
The vessel should be placed so near to the blast-furnace as ta i 
allow the iron to flow along a gutter into it ; a small blast- 1 
cylinder is required, capable of compressing air to sbmit 
8 lbs. or 10 lbs. per square inch. A communication hiTiDj \ 
been made between it and the tuyeres before mentioned, the 
converting vessel will be in a condition to commenco trort; 
it will, however, on the occasion of its first being used, afer I 
relioing with fire-bricks, be necessary to make a fire in the 
interior with a few baskets of coke, so as to dry the brick- 
work and heat up the vessel for the first operation, after 
which the fire is to be carefully raked out at the tapping bole, 
which is again to he made good with loam. The vessel will 
then be in readiness to oommence work, and may be so con- 
tinued until the brick lining, in the course of time, is worn 
away, and a new lining is required. The tuyeres, as before 
stated, were situated nearly close to the bottom of the vessel, 
the fluid metal therefore rose some eighteen inches or wo 
feet above them. It was therefore necessary, in order to pre- 
vent the metal from entering the tuyere holes, to tarn on tbe 
blast before allowing the fluid crude iron to run into the ves- 
sel from the blast-fum&ce. This having been done, and tlie ' 




9 iron run in, a rapid boiling up of the metal was heard 
■n witliin the vessel, the iron being tossed violently 
ind dashed Trom side to side, sbakiDg the vessel by 
I force with which it moved. Flame, accompanied by a 
r bright sparks, immediately issued from the throat of the 
ivcrting vessel. This state of things lasted for about fif- 
Q or twenty minutes, during which time the oxygen in the 

lospberic air combined with the carbon contained in the 

iron, producing carbonic acid gas, and at the same time evolv- 
ing a powerful heat. Now as this heat is generated in the 
interior of, and is diffusive in innumerable fiery bubbles 
throughout the entire mass, the vessel absorbs the greater 
part of it, and its temperature becomes immensely increased, 
and by the expiration of the fifteen or twenty minutes before 
named, that part of the carbon which appears mechanically 
mixed and diffused through the crude iron has been entirely 
consumed. The temperature, however, is so high that the 
chemically combined carbon now begins to separate from the 
toetal. 33 is at once indicated by an immense increase in the 
volume of flame rushing out of the throat of the vessel. The 
metal in the vessel now rises several inches above its natural 
level, and a light frothy slag makes its appearance, and is 
thrown out in large foam-like masses. This violent eruption 
of cinder generally lasts about five or six minutes, when all 
further appearance of it ceases, a steady and powerful flame 
replacing the Bhowe^of sparks and cinders which always ac- 
companies the boil. The rapid union of carbon and oxygen 
which thus takes place, adds still further to the temperature 
of the metal, while the diminished <)uantity of carbon present 
allows a part of the oxygen to combine with the iron which 
undergoes a combusiion, and is converted into an oxide. At 
the excessive temperature that the metal has now acquired, 
the oxide, as Boon as formed, undergoes fusion, and forms a 
powerful solvent of those earthy bases that arc associated with 
the iron. The violent ebullition which is going on mixes most 
intimately the scoriie and metal, every part of which is thus 
brought into contact with the fluid oxide, which will thus wash 
and cleanse the roctal most thoroughly from the silica and 
other earthy bases, which are combined with the crude iron, 
while the sulphur and other volatile matters, which cling bo 
tenaciously to iron at ordinary temperatures, are driven off, 
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the sulphur combining with the oxygeD, »nd forms sulphuric 
acid gas. The loss in weight of crude iron during ils coufer- 
sion into an ingot of malleable iron, was found, on a mean of 
lour experiments, to be 12J per cent,, to which will have to be 
added the toss of metal in the finishing rolls. Tliis will make 
tho entire loea probably not less than 18 per eent. iuatead of 
28 per cent., which is the loss on the present system. A large 
portion of this metal is, however, recoverable by treating wiih 
enrbonaceouB gases the rich oxides thrown out of the furnace 
during the boil. Tiiese slags are found to contain innumerable 
small grains of metallic iron, which are mechanically held ia 
suspension in the slags, and may be easily recovered. It liss 
already been stated that after the boil has taken place, a steady 
and powerful fiaroc succeeds, which continues without any 
change for about ten minutes, when it rapidly falls off. As 
Boon as this diminution is apparent, the workman knows that 
the process is completed, and that the crude iron has been 
converted into pure malle.ible iron, w!iicb he will form into 
ingots of any suitable size and shape by simply opening tlie 
tap-hole of tbe converting vessel, and allowing the fluid mal- 
leable iron to flow into tbe iron ingot moulds placed ihcre to 
receive it. The masses of iron thus formed will be perfectly 
fiee from any admi.xture of cinder oxide, or other extraneous 
matters, and will be far more pure, and in a forwarder state 
of manufacture, than a pile formed of ordinary puddle bars. 
And tbus, by a single process, requiring no manipulation or 
particular skill, and with only one workman, from three to 
five tons of crude iron passes into tbe condition of several 
piles of malleable iron, in from thirty to thirty-five minutes, 
with the expenditure of about onc-tliird part tbe blast noT 
used in a finery furnace with an ccjual charge of iron, and vrilli 
the consumption of no other fuel than is contained iu the 
crude iron. To those who are heat acquainted with the nature 
of fluid iron it may be a matter of surprise that a blast of 
cold air forced into melted crude iron is capable of raising its 
temperature to such a degree as to retain it in a perfect siaie 
of fluidity, after it has lost all its carbon, and is in the conditioa 
of malleable iron, which, in the highest heat of our forges, 
only becomes a pasty mass. But such is the excessive tem- 
perature that may be arrived at, with a properly shaped con- 
verting vessel, and a judicious distribution of the blast, that 
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not onlj may the fluidity of the metal be retained, but so 
much surplus heat c^n be created as to remelt the crop ends, 
ingot, runners, and other scrap, that is made throughout the 
process, and thus bring them, without labor or fuel, into in- 
gots of a quality equal to the rest of the charge of new metal. 
For this purpose a small arched chamber is formed immediately 
over the throat of the converting vessel, somewhat like the 
tunnel-head of the blast-furnace. This chamber has two or 
more openings in the side of it, and its floor is made to slope 
downward to the throat. As soon as a charge of fluid malleable 
iron has been drawn off from the converting vessel, the work- 
man will take the scrap intended to be worked into the next 
charge, and proceed to introduce the several small pieces into 
the small chamber, piling them up round the opening of the 
throat. When this is done, he will run in his charge of crude 
metal, and again commence the process. By the time the 
boit commences, the bar ends or other scrap will have ac- 
quired a white heat, and by the time it is over, most of them 
irill have melted and rUn down into the charge. Any pieces, 
however, that remain, may then be pushed in by the work- 
man, and by the time the process is completed, they will all 
be melted and intimately combined with the. rest of the 
charge ; so that all scrap iron, whether cast or malleable, may 
thus be used up without any loss or expense. As an exam- 
ple of the power that iron has of generating heat in this pro- 
cess, Mr. Bessemer mentions that when trying how small a 
set of tuyeres could be used, the size he had chosen proved 
too small, and after blowing into the metal for one hour 
and three-quarters, he could not get up heat enough with 
them to bring on the boil. The experiment was therefore dis- 
continued, during which time two-thirds of the metal solidi- 
fied, and the rest was run off. A larger set of tuyere pipes 
were then put in, and a fresh charge of fluid iron run into 
the vessel, which had the effect of entirely remelting the for- 
mer charge ; and when the whole was tapped out it exhibited, 
as usual, that intense and dazzling brightness peculiar to the 
electric light. 

" To persons conversant with the manufactureof iron, it will 
be at once apparent that the ingots of malleable metal which 
are produced by this process, will have no hard or steely parts, 
such as are found in puddled iron, requiring a great amount 
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of rolling to blend tliem with the general mass, nor will Bach 
ingots require an eitcess of rolling to cspcl the cinder from 
the interior of the masfl, since tone can exist in the injot, 
which 13 pure and perfectly homogeneous throughout, anj 
hence requires only as much rolling as is necessary for the J 
development of fiber ; it therefore follovra that instead of ] 
forming a merchant bar or rail by the union of a number of ' 
separate pieces welded together, it will be far more simple 
and less expensive, to make several bars or raib from a Bingle 
ingot ; doubtless this would hivo been done long ago had not 
the whole process been limited by the size of the boll which 
the puddler could make. 

" The facility which the new process affords, of making I 
largo masses, will enable the manufacturer to produce bara 
that, on the old mode of working, it was impossible to obtain; ' 
while, at the same time, it admits of the use of some power- ' 
ful machinery, whereby a great deal of labor will be safcd, 
and the process be greatly expedited, Mr. Bessemer merely 
mentiims this in passing, without entering into details, as iho 
patents he has obtained for improvements in this branch of 
the manufacture are not yet specified. Ho nest points out 
the perfectly homogeneous character of cast^steel — its free- 
dom from sand cracks and flaws — and its greater cohesive 
force and elasticity, compared with the blister steel from 
which it is made, qualities which it derives solely from its 
fusion and formation into ingots — all of which properties 
malleable iron acquires in like manner, by its fusion and for- 
mation into ingots in the now process. Nor must it bo for- 
gotten that no amount of rolling will give to blistered steel 
(although formed of rolled bars) the same homogeneous char- 
acter that cast-steel acquires, by a mere extension of the in- 
got to some ten or twelve times its original length. 

" One of the most important facts connected with the new 
system of manufacturing malleable iron is, that all the iron 
so produced will he of the quality known as charcoal iron, 
not that any charcoal is used in its manufacture, but because 
the whole of the processes following the smelting of it, are 
conducted entirely without contact with, or the use of any 
mineral fuel ; the iron resulting therefrom will, in consequence, 
bo perfectly free from those injurious properties which that 
description of fuel never fails to impart to iron that is brought 
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ander its influence. At the same time, this system of manu- 
facturing malleable iron offers extraordinary facility for mak- 
ing large shafts, cranks, and other heavy masses ; it will be 
Dbvious that any weight of metal that can be founded in or- 
dinary cast-iron, by the means at present at our disposal, may 
blIso be founded in molten malleable iron, and be wrought 
Into the forms and shapes required, provided that we increase 
the size and power of our machinery to the extent necessary 
to, deal with such large masses of metal. A few minutes' re- 
Section will show the great anomaly presented by the scale 
3n which the processes of iron-making are at present carried 
ra. The little furnaces originally used for smelting ore have, 
from time to time, increased in size, until they have assumed 
colossal proportions, and are made to operate on 200 or 300 
tons of material at a time, giving out 10 tons of fluid metal 
at a single run. The manufacturer has thus gone on increas- 
ing the size of his smelting furnaces, adapting to their use 
the blast apparatus of the requisite proportions, and has by 
this means lessened the cost of production, in every way in- 
suring a cheapness and uniformity of production, that could 
never have been secured by a multiplicity of small furnaces. 
While the manufacturer has shown himself fully alive to these 
advantages, he has still been under the necessity of leaving 
the succeeding operations to be carried out on a scale wholly 
at variance with the principles he has found so advantageous 
in the smelting department. It is true that, hitherto, no 
better method was known than the puddling process, in which 
from 4 cwt. to 5 cwt. of iron is all that can oe operated upon 
at a time, and even this small quantity is divided into home- 
opathic doses of 70 lbs. or 80 lbs., each of which is moulded 
and fashioned by human labor, carefully watched and tended 
in the furnace, and removed therefrom, one at a time, to be 
carefully manipulated and squeezed into form. The vast ex- 
tent of the manufacture, and the gigantic scale on which the 
early stages of its progress is conducted, it is astonishing that 
no effort should have been made to raise the after processes 
somewhat nearer to a level commensurate with the preceding 
ones, and thus rescue the trade from the trammels which 
have so long surrounded it. Mr. Bessemer then Adverts to 
another important feature of the new process, the produc- 
tion of what he calls semi-steel. At the stage of the pro- 
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ceaa immediately following ttie boil, tho whole of the crude 
iron has passed into the condition of cast-steel of ordinary 
qaality ; by tho continuation of the process the steel ao pro- 
duced gradually loses its small remaining portion of carbon, and 
passes successively from hard to soft steel, and from softened 
steel to steely iron, and eventually to very soft iron ; hence, at 
B certain period of the process, any quality may be obtained; 
there is one in particular, which, by way of distinction, Le 
calls scral-steel, being in hardness about midway between ht- 
dinary cast-steel and soft malleable iron. This metal po^css- 
es the advantage of much greater tensile strength than sort 
iron ; it is also more elastic, and does not readily take a per- 
manent set, while it is much harder, and is not worn or ia- 
dented so easily as soft iron. At the same time it is not ao 
brittle or hard to work as ordinary cast-steel. These quali- 
ties render it eminently well adapted to purposes where light- 
ness and strength arc especially required, or where there ia 
much wear, as in the case of railway bars, which, from their 
softness and lamellar tctture, soon become destroyed. The 
cost of semi-steel will be a fraction loss than iron, because 
the loss of metal that takes place by oxidation in the convert- 
ing vessel is about 2^ per cent, less than it is with iron, but 
as it is a little more difficult to roll, its cost per ton may 
fairly be considered to be the same as iron, but as its tensile 
strength is some thirty or forty per cent, greater than bar 
iron, it follows that for most purposes a much less weight of 
metal may be used, so that taken in that way the semi-steel 
will form a much cheaper metal than any wo are at present 
acquainted with. 

"In conclusion, Mr. Bessemer observes that the facts he 
has discovered b;ive not been elicited by mere laboratory ex- 
periments, but have been the result of operations on a scale 
nearly twice as great as is pursued in the largest iron-worb, 
the experimental apparatus converting 7 cwt. in thirty min- 
utes, while the ordinary puddling furnace makes only li ent. 
in two hours, which is made into si.t separate balls ; while ihc 
ingots or blooms are smooth, even prisms ten inches square 
by thirty inches in length, weighing about as much as lea 
ordinary puddle balls." 
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MACHINERY OF THE MANUFACTURE. 

The mechanical operations connected with the manufacture 
of wrought iron consist of shingling, hammering, rolling, 
etc., to which we may add the forging of "t/w«," that is, the 
forging of those peculiar forms so extensively in demand for 
steam-engines, railway carriages, and other works, which has 
lately become a large and important branch of trade. 

In tracing the processes in the manufacture of wrought 
iron bars and plates, it will not be necessary to enlarge on 
those practices which have been superseded by more modern and 
improved machinery. Suffice it then to observe, that formerly 
the puddled balls were shinpled or fashioned into oblong slabs 
or blooms by the blows of a heavy forge hammer ; during 
this operation, the scoriae and impurities which adhered to 
the balls were separated from the blooms by the force of im- 
pact, and then by a series of blows the iron was rendered 
malleable, dense, and compact. The blooms were then passed 
through a Series of grooved iron rollers, which reduced them 
to the form of long, slender iron bars. These were cut up 
and piled regularly together or fagotted^ and brought to a 
welding heat in the heating or hailing furnace, when they were 
again passed several times through grooved rollers, and by 
this latter process were made into bars or plates ready for 
the shears. 

In order to arrive at a clear conception of the mechanical 
operations employed in the manufacture of iron, it will be nec- 
essary to describe more at length the processes as at pres- 
ent practiced, with the improved and powerful machinery now 
employed ; and as much depends upon the application of the 
motive power, the steam-engine claims the first notice. Un- 
til of late years, the vertical steam-engine was invariably 
used for giving motion to the forge hammer and rolling mill, 
which were placed on one side of the fly-wheel and the crank 
on the other ; but the high-pressure, non-condensing engine 
is found to be decidedly preferable, as the waste heat pass- 
ing oflf with the products of combustion from the puddling 
and heating furnaces, is quite sufficient to raise the steam 
for working the rolls and one of Brown's bloom queezers, 
as shown by fig. 5. 
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In this arrangement the cylinder A {6g8. 5, 6, 7) is placed 
torizontaUy, and is sufiplied with steam from boilers near the 
puddling furnaces. Tiie piston and slides B, and connecting 
rod C, give motion to the crank shaft D, on which is fixed s 
heavy fly-wheel E. Tho puddling rolls F are driven direct 
from tho end of the fly-wheel shaft, and th« bloom squeezers H, 
by a train of spur wheels GG. Under the lower roHs of the 
Bcjucezers a Jacob's ladder or elevator I is fised, for raising the 
block which has been deprived of its impurities, and reduced to 
an oblongshapeby passing between the rollers of the sijueczer. 
Tho block, on leaving the rollers, is carried in front of oue of 
the projecting divisions of the ladder and thrown on to llie 
platform in front of the rolh; the workman then seizes it 
■with a pair of tonga and forces it into the largest groove in 
the rolls ; it is then passed in succession through tho oliier 
grooves till it attains the required form of the bar. 

The drawings of Brown's bloom squeezers, figs. 8, 9, and 
10, will sufliciently explain how the heated bail of puddled 
iron, K, thrown on tho top, is gradually comproascil between 
the revolving rollers as it descends and at last emerges at 
the bottom, where it is thrown on to tho movable "Jacob's 
ladder," by which it is elevated to the rolls, as already de- 
scribed. This machine efl'ects a considerable saving of time ; 
■will do the work of 12 or 14 furnaces, and may be kept 
constantly going as a feeder to one or two pairs of rolU. 
There are two distinct forms of this machine, one as shown 
in 6g, 8, where the bloom receives only two compressions; 
and the otiier, which is much more effective, where it is 
squeezed four times before it leaves the rolls and falls upon 
tho Jacob's ladder, as exhibited in figs. 9 and 10. 

There are two other machines for preparing the blooms 
by compression. One is a table firmly imbedded in masonry, 
as shown at AA, in fig. 11, with a ledge rising up from it tu 
a height of about two feet, so as to form an open box. Within 
this is a revolving ho.\ C, of a similar character, much smaller 
than the last and placed eccentrically in regard to it. The 
ball or bloom D is placed between the innermost revolving 
bo.v C and the outer case AA, where the space between them 
is greatest, and is carried round till it emerges at E, com- 
pressed and fit for the rolls. 

Another instrument, fig. 12, used for the same purpose, acts 
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as a pair of pliers, and squeezes the iron between two flat 
blades AA. This machine is called the Alligator, and is 
probably more effective than the horizontal machine, but it 
requires an attendant to keep the bloom rolling about under 
the jaws AA, and is, in other respects, inferior to Brown's 
patent squeezer. 

We have stated that the horizontal, n^n-condensing steam- 
engine, from its compact form and convenience of handling, 
is admirably adapted for giving motion to the machinery of 
iron-works. For this object, it is superior to the beam-engine, 
as its speed can be regulated with the greatest nicety, by 
opening or shutting the valve, so as to suit all the require- 
ments of the manufacture, under the varied conditions of the 
pressure of the steam, and the power required for rolling 
heavy plates and bars, or those of a lighter description. It 
is also much cheaper in its original cost, and all its parts 
being fixed upon a. large bed-plate, require a comparatively 
small amount of masonry to render it solid and secure. 

In regard to the manufacture of the rollers for the puddling, 
boiler-plate, and merchant train, the greatest care must be 
observed in the selection of the iron and the mode of casting. 
In Staffordshire there are roller-makers, but in general the 
manufacturer casts his own, and as much depends upon the 
metal, the strongest qualities are carefully selected and mixed 
with Welsh No. 1 or No. 2, and Staffordshire No. 2. This 
latter description of iron, when duly prepared, exhibits great 
tenacity, and is well adapted, either in the first or second 
melting, for such a purpose. In casting, the moulds are pre- 
pared in loam, and when dry are sunk vertically into the pit 
to a depth of about five feet below the floor. The moulding 
box is surrounded by sand firmly consolidated by beaters, and 
a second mould or head is placed above it, which receives an 
additional quantity of iron to supply the space left by shrink- 
ing, and keep the roll under pressure until it solidifies, and 
thus secures a great uniformity and density in the roller. The 
metal is run into the mould direct from the air furnace by chan- 
nels cut in the sand, and immediately the mould is filled, the 
workman agitates the metal with a rod, in order to consolidate 
the mass and get rid of any air or gas which may be confined 
in the metal. This stirring with iron rods is continued till the 
metal cools to a semi-fluid state, when it is covered up and al- 
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■boald be slightly cebcave, because, 

wbea the slab is first passed through 

tbe rollers, it comes in contact with a small portion onl v of the 

revolving surface. The central parts of the roller thus be- 
come highljr heated, whilst their extremities are perfectly cool ; 

the cause [MQnce is, that tbe expansion of tbe roller is great- 
est in the ini'Idle, and unless this be provided for by a eon- 
cavity in the barrel, the plates become buckled, that is, both 
war]ied and uneven in thickness, aiid consequently, imperfect 
and unfit for the purposes of boiler making. Bar rolls are 
generally cast in chill, and great care is required to prevent 
the chill penetrating too deep so as to injure the tenacity of 
the meta! and render it brittle. 

There arc different kinds of rolling mills used in the iron 
manufacture, and they vary considerably in their ditnensions 
according to the work they have to perform. Tbe first, through 
which the jmddled iron is passed, we have already described 
as puddling rolls. There are others for roughing down which 
vary from 4 to 5 feet long, and arc about IS inches diameter ; 
those for merchant bars, about 2 feet 6 inches to 3 feet long 
and 18 inchesindiaraeter,arein constant use. The boiler-plate 
and black sheet-iron rolls arc generally of large diroensiona; 
some Lif them for large plates are upward of ti feet long and 
18 to 21 inches in diameter; these require a powerful engine 
and the momentum of a large fly-wbeel to carry the plate 
through the rollers, and not unfretjuently when thin wide 
' ites have to be rolled, the two combined prove unequal to 

' ' ik, and tbe result is, the plates cool and stick fast in the 
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middlo. The greatest care ia necessary in rolling plates of 
this kind, as any neglect of tbe speed of ihe engine or tlie 
Betting of the rolls results in the breakage of the latter, or 
bringing t)io former to a complete stand. 

The speed of the different kinc'a of rolling mills varies ac- 
cording to the work they have to perform. Those for mer- 
chant bars make from 60 to 70 revolutions a minute, nbikt 
those of large size for boiler-plates aro reduced to 28 or 
30. Others, such as the finishing and guide rollers, run 
at from 120 to 400 revolutions a minute. In Stafford 
shire, where some of the finer kinds of iron are prepared for 
tbe manufacture of wire, the rollers arc generally made of 
cast-atecl, and run at a high velocity ; such is the ductility of 
this description of iron, that in passing through a succession of 
rollers, it will have elongated to 10 or 15 limes its original 
length, and when completely finished, will have assumed the 
form of a strong wire ^ to i of an inch in diameter, and 40 
to 50 feet in length. 

A high temperature is an indispensable condition of success 
in rolling. The experience of the workman enables him to 
judge, from the appearance of the furnace, when the pile is 
at a welding heat, so that when compressed in tbu rolls tbo 
particles will unite. Sometimes it is necessary to give a fine 
polish or skin to the iron as it leaves tbe rolls, but this can only 
be done when the iron cools down to a dark-red color, and 
by the practiced eye of an intelligent workman. 

The above operations would still be incomplete unless the 
ironmaster had means of cutting tho bars and plates to any 
required size or shape. The machinery for this purpose baa 
of late been brought to a high degree of perfection, both in 
regard to power and precision. 

The circular saw has been successfully applied for squaring 
and cutting the larger descriptions of bars, and does its work, 
particularly in railway bars, with almost mathcitatical pre- 
cision. This machine consists of a cast-iron frame or bed 
AA, fig. IS, bolted down to a solid foundation, on the ends 
of which sUde two frames BB to support tbo bar to be cut. 
The two circular saws or cutters CC are driven by straps pass- 
ing over the pulleys DE, and rotate at the rate of 800 to 
1000 revolutions per minute. Tbe machine is set in motion 
by transferring the straps from the loose pulley I> to tbe fast 
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pulley E, and &a soon as tbe required speed is attaioed, Su 
frame BB is carried forward, aud Ibe bar FF along wilb it, 
by a lever G or ccceutric motiun, till the bar is cut tlirongh. 
The rate of cutting or pressure upon the saws may be regu- 
lated either by hand or weight; care must, however, be tskcn 
not to allow the saws to bccooio too hot, and tliis is provided 
against by running them in a trough of water. By this pro- 
cess it is evident that the bar must always bo cut square at 
the ends and correctly to tbe same length. 

A great variety of shears are used for cutting iron, eome 
driven by cams or eccentrics, and some by connecting-rods 
and a crank on tbe revolving shaft. In large iron-vrorks it 
is necessary to have two or three kinds, some for cutting up 
scrap iron and bars for piling, and others for boiler-pistes. 
Of the first we may notice two, one shown in fig. 14, cuts on 
both sides at AA, and is driven by a crank and connecting* 
rod B . This machine is chicBy used for cutting puddled bars 
from the puddling rolls, or any work required for shingling. 
The nest machine, fig. 15, receives motion in the same man- 
ner, and also cuts on both sides, the cutters being fixed on 
the lever and moving with it. This is used for the same pur- 
pose a6 the last, and likewise for cutting scrap iron. These 
machines are extensively used in the manufacture of iron, 
and before the introduction of the plate shears, they were 
used, with some modifications, to cut boiler-plates, but the 
work was very imperfectly executed. 

The demand for plates of large dimensions and greatly in- 
creased weight, such as those for the front and tube plates of 
locomotive and marine boilers, and those for tubular and 
plate bridges, created great difficulties, not only in piling;, 
beating, and rolUng, but also in cutting the plates accurately 
to tbe required size. To meet these demands, and moie 
particularly for the manufacture of tbe large plates employed 
in the cellular top of the Britannia and Conway tubular 
bridges, Messrs. G. B. Thorneycroil: and Co. constructed i 
large shearing machine which cut upward of 10 feet at one 
stroke. These shears have now come into general use, snd 
are of great importance, on account of the accuracy with 
which they cut plates of large dimensions, square and even. 
Figs. 16 and 17 represent this machine ; a a a is tbe staad- 
ard aud table on which the plate ia fixed. This table slides 
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forward at right angles to tlie shears or cutters AAA'A'. 
The lop cutter descending by the action of three ecceolrica 
ccc, which press upon the top of the frame 6 as it revolves, 
and force it down, and by one stroke, the knife AA cuts throuf^h 
the wliole length of the plate, perfectly clean and straight. 
The plate is then reversed, the newly cut edge being held _ 
against the slopes, and the sliding frame again moved forward 
to the required width of the plate, when another stroke cuts 
the other Bide as before. The rapidity with which the plates 
arc cut is another advantage of this machine, as great as the 
precision of its cut, and when the immense quantity of plates 
daily produced at Messrs. Thomeycroft and Co.'s works are 
considered, its importance becomes evident. 

At the Paris Universal Exhibition {1855), a plite-cutting 
machine was exhibited, from the United States, which ap- 
pears to effect the same operation aa Messrs. Thorneycroft 
and Co.'s, It conaista of a strong cast-iron frame, nine or 
ten feet wide, having inserted along its face a steel plate, on 
which the iron to he cut rests and is held firmly by a faller, 
which descends on tho upper side of the plate. On the same 
side of the frame a revolving steel cutter, about nine inches 
in diameter, traverses the whole length of the frame, and in 
its passage cuts the plate, by compression, in a perfectly 
straight line, corresponding with the steel edge below. Cut- 
ting and shaving plates by a revolving disc has been long in 
use, but tho traversing motion in this machine is certainly 
new, and its application very creditable to the ingenuity of 
the inventor. 

Having thus traced tho processesfor the conversion of crude 
into malleable iron, and the machinery employed, it only re- 
mains to give a general summary of the whole. As regards 
the arrangement of large iron-works, the general principle 
should be for the machinery to be classed and Gxed in the 
order of the different processes, so that the products of one 
machine should pass at once to the next, and, in fact, the 
crude iron eiiould be received at one end, and having passed 
through all the processes, delivered at the other in the man- 
ufactured state. 

The crude iron from the smelting furnace is either refined 
and puddled, or subjected to the boiling process, to get rid of 
' the combined carbon and render the iron malleable ; it is then 
21 
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ihingled hj the forge hummer, by tho " alligator," b; Bi 
squeezer, or by the other mnchiaes which hare bcpo 'm^ 
for this purpose. It is then at ODce passed throu;;h the putL 
dliag rolU, where it is reduced to the form of a flat bar, o^l "'■ 
ia then cut into conveoient lengths hj the shears. TW[ " 
pieces are again piled or faggoted together into conreiunl 
heaps and re-heated in the furnace. As soon as a hg^ 
thus prepared has been heated to the nelding temper&tiiR, 
it is passed through the roughing rolls to reduce it to iht 
form of a bar, and then through the Gaishing rolls, where <di 
required form and site is given to it, either round or squtn 
bars, etc. These are straightened and cat to the reijdnd 
sizes, and are then ready fur delivery. In most large «orb 
all these operations are carried on simultaneously with Hit 
Bmelting process, and in some with extensive mining open- 
tjons for procuring the coal, ore, and limestone required bi 
supply a prodiicUun of several thousand tons o£ manufactured 
iron per mouth. 

THK FORfiE. 

The forging of iron has entered, of late years, so largel? 
into the conatructive arts, that the manufactures, however 
perfect in the rolling-mill, would be imperfect indeed nithool 
the forge. To the discussion of this part of the subject there 
are many inducements, and we cannot but wonder at the 
many devices, and the numerous contrivances which present 
themselves for the attainment of the operations of the forge. 
In effecting these objects. Mr. Nasmyth's steam-hammer is 
evidently the most effective, and to that instrument we are in- 
debted for the formation and welding of iron upon a scale 
previously unknown to the workers in that metal. 

Mr. Nasmyth took out his patent lor this invention in 1833; 
and from that time up to the present, it has maintained its 
ground against every innovation, and has performed an im- 
portant duty in almost every well-regulated work in Europe. 
It consists of an inverted cylinder D, fig3. IS. and 19, 
through which the piston-rod E passes, attached to the ham- 
mer-blade F by means of bars and cross-key k, which press 
upon an elastic packing, to soften the blow of the hammer, 
which in heavy forgings and heavy blows, operates severelj" 
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poQ the piston-rod. The hammer-block FF is guided in ita 
HrUcal desoent bj two planed guides or projections, extend- 
ig the length of the side-ataudarda AA, between which the 
Mnmer-bloclt slides. Tiie attendant gives motion to the ham- 
ler bj admitting steam from the boiler to act opon the under 
de of the piston, by moving the regulator I by the handle 
The length of stroke is regulated by increasing or dimin- 
hing the distance between the cam N and the valve lever 
I by turning the screws P and U by the bevil wheela qq. 
"le lever o operates by the cam N coming in contact with 
B roller 0. As soon as this contact takes place, the further 
Amission of steam is not only arrested, but its escape is at 
le same time effected, and the hammer, left unsupported, 
eeceutis by its gravity upon the work on the anvil with an 
Dcrgj due to the height of the fall. From this description, 
: will be seen that the movement of the roller o causes the 
boulder of the rod P to get under the point of the trigger catch 
V i the valve is by these means kept closed till the w hole force 
of the blow is struck. The instant the operation is effected, 
he concussion of the hammer causes the latch X to knock off 
fte point of the trigger from the shoulder on the valve-rod P, 
)T means of the bent lever « v, and the instant this ia accom- 
lishcd, the valve is re-opened to admit the steam below the 
by the pressure of steam on the upper side of the small 
n the cylinder M, forcing down the valve rod, which, in 
lis respect, is the active agent for opening the valve. 

To arrest the motion of the hammer, it is only necessary 
shut the steam-valve; during the process of forging, it is, 
Itowever, dealrable to give time between the blows, to enable 
the workman to turn and shil^ his work on the anvil ; aud to 
effect this reduced motion, the trigger U is held back from the 
rtwulder of the valve-rod P, by the handle y, which at the 
■ame instant opens the valve in the case J. and thus the ac- 
bon of the steam in the cylinder D retards the downward 
notion of the hammer. The result of these changes is an 
' descent of the hammer, which vibrates up and down 
vithout touching the anvil, but ready for blows of any se- 
Terity tho instant the trigger is elevated above the shoulder of 
' the valve lever P. From this description, it will appear evi- 
dent that Mr. Nastny th'a invention is one of the most important 
that has occurred in the art of for^ng iron. It has ^ven as 
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impetus to tba manufacture, and aRbr^la facilities for the 
welding of large blocks of malleable iron that could not be 
accomplished by the tilt and helve hammers formerly in use; 
and we have only to instance the forging of the stern-posts 
and cutwaters of iron ships; the paddlc-whee! and screw- 
shafta of our ocean steamers, some of them weighing upw»rd 
of 20 tons, to appreciate the value as well as the ipleiisit; 
of action of the eleam-hnmraer. 

In addition to the machinery of the forge, the V anvil, 
the natural oflspring of the steam-hammer, came into tmt- 
ence from this same fertile source. It 
is chiefly employed for forging round 
bars and shafts, and may he thus de- 
scribed, A being a section of the round 
bar or shaft to be forged, B the anvil- 
block, and C the hammer. From this, 
it is obvions that, in place of the old 
plan, where the work is forged upon 
flat surfaces, as shown in the anne"(ed _ 
figure, and where the blows arc dn err- 
ing, the effect of the V anvil is a con- 
verging action, thus consolidating the mass, and enabling the 
forger to retain his work directly under the ^ ..^ 
center of the hammer. This is the more strik- [ ''''^AW ] 
ingly apparent, as the blows of the hammer I \ x I 
upon a round shaft have the effect of causing the F" J 
mass to assume the elliptical form, forcing out /" "^ 

the sides as at AA in every successive blow, y y-^ 

and this again,when turned, producesa spongy, | \ 

porous center, as shown in D. This process Y<i^/,"\fM' ^i^yt, J 
is, however, more clearly exemplified in Ry- ' • ' ''' 
der's forging machines, where all the anvils are of the V form, 
for the forging of spindles, round bars, and bolts. 

The next important discovery in the art of forging, /^ \ 
is that of Mr. Ryder's machine, patented some r- J^ ) 
years since, for forging small articles, which, on ac- \^^£J 
count of the rapidity and precision of its operations, J> 
demands a notice in passing. It consisted essentially of * 
series of small anvils about three inches square, supported 
from below by large screws passing through the frame of the 
machine. This screw was employed in order that the dis- 




Iron— TcE Forqk. 3T3 

tance between tlie hacntaer and anvil might be accurately ad- 
justed. Between the screw aiid the anvil, a atuffinj; of cork 
was introduced to deaden the effect of the blow. The ham- 
merg were arranged over the anvils, and slid up and down in 
the frame of the machine. The blow was effected by the 
revolution of ao eccentric, acting by means of a cradle on 
the hammer-heid. the bammer, however, being lified again 
by a strong 8|)iral spring. At the aide of the machiue was 
a cutter or shesrs worked by a long lever ; with this the arti- 
cles were cut to the required length as they were finished. 

In Mr. Ryder's machine 700 strokes a minute was the 
maximum ; but Messrs. Flatt Brothers, of Oldham, by in- 
creasing the strength of the spring, run as high as 1100. 
A pair of knife edges, ivorked by the machine itself, has 
also been substituted For the hand-shears. These perform 
the work more rapidly and accurately than before, and 
leave the workman more at liberty. Dies are let into the 
surfaces of the hammers and anvils, which shape the iron as 
required. 

The rapidity with which this machine executes all kinds of 
intricate work is truly remarkable ; for instance, a bar about 
2? X SJ inches, will be reduced to IJ x ^^ inches, and cut 
offin a minute. Set-screws, bolts, spindles, and all kinds of 
small work are produced at the same rate. Its precision is 
very effective ; the articles are almost as true as if turned in 
a lathe, and very accurate as to size and weight. Other 
machines, called " lifls," have been, and continue to be, used 
for forging a variety of forms and " utei ; " but as these 
partake more or less of the principle employed in Ryder's 
machine, it will not be necessary to furnish further examples. 

In conclusion, we may observe that the facilities afforded 
by the present age for the forging of malleable iron, are with- 
out a parallel in the history of that material. Every known 
resource has been adopted, and every contrivance and device 
has been employed to meet the demands of a large and an in- 
tricate trade ; and looking at the present resources of the 
country, and the admirable mechanical contrivances for the 
conversion of crude iron into the malleable state, it assuredly 
is not unreasonable to look forward to still greater improve- 
ments in the manipulations of the forge. 
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the strength and otoek properties of ihon. 

In this section we have to consider the tensile and tm 
Terse strengths and powers of resieling compression of on 
and malleable iron as determined by direct experimeut npn 
Bpecinicns of the material ; and also to examine whet^, i 
as has been alleged, the hot-blast process iDJtires tlie tenacity . 
of the metal. 

Cast Irok. — The followinft tables gire the results of o- 
perimentsuiidertakenby Mr. lludf^kinsonand Mr Fairbunil 
the request of tlio British Association, to determine theteradk 
and transverse strengths of cast-iron derived from thehotud 
cold blast. Tho castings for ascertaining the tensile strain 
were made very strong at the ends, with eyes for the bold 
to which the shackles vrere attached ; the middle part, when 
it was intended that the s]>ecimen should break, was cast of ■ 
cruciform -j- transverse section. The four largest castings 
were broken Sv the c!iain-te?tinj; macliine bcl'.n^'iti;; to the 
corporation of Liverpool, the others by Mr. Fairbaim's lever. 

T*Bij: l.—Jleiulli 0/ Ihi Eiperimti\U on the itniilt atrenffth i,f Cmt-lnm. 
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" cold-blBSt 


ICfiSS 
17.T55 
14.200 
2I.H07 

13.-i:i4 

I7...6 
16.fi76 


7 9 






Devon (Scotlnrici) iriio, No. 3, hol-bla> 


9 lit 


" CClld-blMt 

Coed Talon (North Wales) iron. No. 2. 
bol-bliuit 


7 16 
7 9 









From the same series of experiments we select the follow- 
ing tables, giving the results obtained In regard to the resist- 
ance opposed to compression by cast-iron. The speeimeui 
employed were cylinders and prisms of various dimensior.i, 
and having their faces turned accurately parallel to each other 
and perpendicular to the axis of the specimen. They were 
crushed by & le-jei \>e\.wee.u -^xsSieX *XtOi. &sKi, 
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TteiJt II, — Waghlt Tiqiartii lo mih cylinder/, fie,, n/ Qirron Iron, A'a,i, 
Bat-BUul. 
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101,062 



I9J cwt. 
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123,708 
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96,634 


) 125.403 lbs. 
\ = 55 Wn« 


Sqauta- tilde j incli 


100,631 lbs. 
= 44 too« 
18} cwt 
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Dcrnn [Scol«b) Iran, No. 3 hot-blasl . 




116.435 




Buffery irou. No. 1, bot-bast 




86,397 


38 III 


cold-blast 




9:i,:i85 




Co«l Talon. No. I. hotblart 




8S.73* 




cold-blail 




81.770 


36 10 


Carron iron, No. 2, bot-blast 




108.540 


48 9 


cold-bl«t 




!OB„176 


47 9* 


Carron iron, No. 3, hoi-blMt 




133.440 


59 111 


cold-blMt 




115.443 


siioj 



The apecimena of Carron iron in table IV. were prisms, 
^Whoae base was J ■)(. J = i inch, and whoBO height varied 
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from 1 inch to 1 inch. The other specimens were cjlindere, 
■whoso (liaroeter waa about J inch, and height Taried from i 
inch to 2 inches. 

From the above experiments, Mr. Hodgkinson concludes 
that " where the length is not more than about three limes 
the diameter, the strength for a given base is pretty nearly 
the same," Fracture took place either by wedge* Blidmg 
off, or by the top and boltom forming pyramids, and forcing 
out the sidea ; and the angle of the wedge is nearly constaDt, 
a mean of 21 cylindera being 56" 32'. 

From the same series of experiments, wo give the results 
obtained by Mr. Foirbaim, in regard to the effucta of time 
and temperature. The bars employed were cast to be 1 inch 
square, and 4 foet 6 inches long, and were loaded with per- 
manent weights as under ; the deflections being taken at va- 
rious intervals during a period of fifteen months. Coed-ialon 
hot and cold-blast iron was employed. 

Table V.—The tfefU of Time on ha^rd han nf Hat anACold-Uast Iron in l\nr 
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It has been assumed by most writers on the strength of 
materials, that the elasticity of cast-iron remained perfect to 
the extent of one-third the weight that would break it. This 
is, however, a mere assumption, as it has been found that the 
elasticity of cast-iron is injured with less than one-!ialf that 
weight, and thetjueation to be solved in the above experiments 
was, lo what extent the material could be loaded without en- 
dangering its security ; or how long it would continue to sup- 
port weights, varying from one-half to one-tenth of the load 
that would produce fracture. These experiments were con- 
tinued from sis to seven years, and the results obtained were, 
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that the bars which yrere loaded to within y'^ of their breaking 
■weight, would have continued to have borne the load, in the 
absence of any disturbing cause, ad infinilitm ; but the ef- 
fect of change, cither of the same or a lighter load led ultl- 
mntely to fracture. 

From tliese facts It is deduced, that so long as the mole- 
cules of the material are under strain (however severe ihat 
strain may be), they will arrange and accomodate themselves 
to the pressure, hut with the slightest disturbance, whether 
produced from vibration or the increase or dimiuution of load, 
it becomes, under tbcso influences, only a question of time 
when rupture ensues. 

In the following experiments on the relative strengths of 
coed-talou hot and cold-hlaat iron to resist transverse strwn 
at different temperatures, the results are reduced to those of 
bars 2 feet 3 inches between supports, and one inch square, 
as follows : 
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From the above it will bo seen " that a considerable fail- 
ure of the strength took place after heating the No. 2 iron 
from 26° to 190°. At 212°, we have in the No. 3 a maoh 
greater weight sustained than by No, 2 at IPO" ; and at 600" 
there appears, in both hot and cold-bast, the anomaly of in- 
creased strength as the temperature is increased."* The 

.D increased 
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above resulta are, with one exception, in favor of the coi<i- 
blaBl, as far as strength la concerned ; and in favor of the hot- 
blast, with one exception, aa regards power of resisting im- 
pact. 

With regard to the comparative strengths of hot and cold- 
blast iron, the following extracts from Mr. Hodgkinsou's re- 
port, read before iho British Association, give the general 
results of his experiments : 

TitiLB Vn.-^rbmm Trrm. No. 1. 





CoU-UuL 


U.^. 


SS^Z 


TSf 




iWMflJ 


amci) 


low 


n 










,™,8 


















'SI 










































































Bp«llteF,rtt)r 






lOOO 


BK 





T,inr.E VITI.— 


tkron Iron 


No. 3. 






CoW-hlMt 


Uolblut- 


JoW-blwl h) MO. 




(5) 


,S3I 

(5) 

63712) 

109|2) 

22473650 (2| 

7-229 IZ) 










Ili< .iiierlnwEl. geo 










llklm".'»";i,.flSn 


^.f l-n< 1 incb Bquuv 


lOH) IIW 



















TL-n»ilpK(rcn(;ih 

Comprcspivp ilu 

TrnuiiviTW do 

PowvT to rvcist impact 

Tranpvcrsi' slri'DRth cjf bars 

one inch square 

Dllimiitp di'fli^ciion dc 

UocliiliiN or I'lueticily do. , . 
Spwilicgraviiy 




Iros — Strength and oxuer Properties. 



E X.— Ooal TUoti Inta, No, 3. 





18855 (2) 
81770 (4) 
69W (4) 
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" Beginning with No. 1 iron, of which we have a specimen 
from the EuEFery Iron-WorkB, a few miles from Birmingham, 
we find the cold-blast iron aomowhat surpassing the hot-blaet 
in all the following particulars: direct tensile strength, com- 
pressive strength, transverse strength, power to resist impact, 
modulus of elasticity or stiffness, specific gravity ; whilst the 
only numerical advantage possessed by the hot-blast iron ia, 
that it bends a little more than the cold-blast before it breaks. 

" In the irons of the quality No. 2, the case seems in some 
degree difiercnt; in these the advantages of the rival kinds 
aeem to be more nearly balanced. They are siill, however, 
rather in favor of the cotd-blast. 

" So far as my ejtperimeiits have proceeded, the irona of 
No. 1 have been deteriorated by the hot-blast ; those of No. 
2 appear also to have been alightly injured by it, white the irons 
of No. 3 seem to have benefited by itg mollifying powers. 
The Carron iron No. 8 hot-blast, resists both tension and 
compression with considerably more energy than that made 
with the cold-blast ; and the No, 3 hot-blast iron from the 
Devon works, in Scotland, is one of the strongest cast-irons 
I have seen, whilst that made by the cold-blast is compara- 
tively weak, though its specific gravity ia very high, snd 
higher than in the hot. The extreme hardness of the cold- 
blast Devon iron above prevented many experiments that would 
otherwise have been made upon it, no tools being hard enough 
to form the specimens. The difierence of strength In the 
Devon irons is peculiurly striking. 

" From the evidence here brought forward, it ia rendered 
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exceedingly probable that tiie introduction of the heated blast 
in the manufacture of cast-iron has injured the softer irons, 
whilst it has frequently niolli6ed and improved those of & 
harder nature, and, considering the Bmali deterioration that 
the irons of quality No. 2 have suEtained, and the apparent 
benefit to those of No. 3, together with the great saving 
effected by the heated blast, there seems good reason for the 
process becoming as general as it has done." 

The following table givea a general summary of the re- 
sults of Mr. Fairbairn'a experiments on the strength of iron 
after successive meltings. The iron used was Eglinton No. 3 
hot-blast, and was melted eighteen times, three bars being 
cast at each molting. These bars, which were about 1 incli 
square and 5 feet long, were placed upon supports 4 feet 6 
apart, and broken by a transverse strain. Cubes, from the 
same irons, exactly 1 inch square, were then crushed between 
parallel steel bars, by a large wrought-iron lever. 

In the following Table XII., the results on transverse strain 
are reduced to those on bars exactly 1 inch square and 4 feet li 
inches between supports: 
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In the above results it will be observed that the maximum 
f strength, elasticity, etc., is only arrived at after the metal 
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has undergone twelve successive meltings. It is probable 
that other metals and their alloys may follow the same law, 
but that is a question that has .yet to be solved, probably by 
a series of experiments requiring a considerable amount of 
time and labor to accomplish, but which we may venture to 
hope will be shortly forthcoming from the same author. 

In the resistance of the different meltings from the same 
iron, to a force tending to crush them, we have the following 
results : 

Table XIII. 
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Nearly the whole of the specimens were fractured by 
wedges which split or slid off diagonally at an angle of 52^ 
to 68^ 

Malleable Iron. — The greatly extended application of 
wrought-iron to every variety of construction renders an in- 
vestigation of its properties peculiarly interesting. It is now 
employed more extensively than cast-iron ; and, on account 
of its ductility and strength, nearly two-thirds of the weight 
of material may in many cases be saved by its employment, 
while great lightness and durability are secured. Its superi- 
ority is especially evident in constructions where great stiff- 
ness is not required, but on the other hand any degree of 
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rigidity may he obtained by the employment of a tubular of 
cellular structure, and thia may be aceo in the constntctioo 

of wrought-iron tubular bridges, beams, and iron ships. 
The material of malleable iron which ia making such vast 
changes in the forms of construction, cannot but bo inlereat- 
ing and important, and considering that tbe present is tu 
from the limit of its application, we shall endeavor to give it 
that degree of attention which the importance of the subject 
demands. 

From the forge and the rolling mill we derive two distinct 
qualities of iron, known as " red short " and " cold t!iort." 
The former ia the most ductile, and is a tough fibrous mate- 
rial which exhibits considerable strength when cold ; the latter 
is more brittle, and has a highly crystalline fracture almost like 
cast-iron ; but the fact is probably not generally known, that 
the brittle works as well and ia aa ductile under the hammer 
as the other when at a high temperature. 

Mr. Charles Hood, iQ a paper read some time ago before 
the Institute of Civil Engineers, went into the subject of the 
change in the internal structure of iron, independently of and 
subsequently to the processes of its manufacture. After ad- 
ducing several instances of tough fibrous malleable iron be- 
coming crystalline and brittle during their employment, he 
attributes these changes to the influence of percussion, heat, 
and magnetism, but questions whether either will produce the 
effect per se. Mr. Ilood continues, " The most common ei- 
emplification of the effect of h^at in crystallizing fibrous iron 
is by breaking a wrought-iron furnace bar, which, whatever 
quality it was of in the first instance, will in a short time in- 
variably be converted into crystallized iron, and by healing and 
rapidly cooling, by quenching with water a few times any piece 
of wrought-irun, the same effect may be far more speedily pro- 
duced. In these cases we have at least two of the above 
causes in operation — heat and magnetiara. In every instance 
of heating iron to a very high temperature, it undergoes a 
change in its electric or magnetic condition ; for at very 
high temperatures iron loses its magnetic powers, which return 
as it gradually cools to a lower temperature. In the case of 
quenching the iron with water, we have a still more decisive 
assistance from the electric and magnetic forces ; for Sir 
Humphrey Davy long since pointed out that all cases of 
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Taporization protluced ncgaiive electricity in the bodies in 
contact wit!i the vapur; a fact which has lately excited a 
good deal of attention in consequence of the discovery of 
large (quantities of negative electricity in effluent steam." 
Mr. Hood then proceeds to the subject of percussion. " In 
the manufacture of some descriptions of hammered iron, the 
bar is first rolled into shape, and then one-half the length of 
the bar is heated in the furnace, and immediately takeo to the 
tilt-hammer and hammered, and the other end of the bar is then 
heated and hammered in the same manner. In order to avoid 
any unevennesa in the bar, or any diEference in its color where 
the two distinct operations have terminated, the workman fre- 
quently gives the bar a few blows with the hammer upon that 
part which ho first operated upon. That part of the bar im- 
mediately becomes crystallized, and 8o extremely brittle that it 
will break to pieces by merely throwing it on the ground, 
though all the rest of the bar will exhibit the best and toughest 
quality imaginable. This change, therefore, has been pro- 
duced by percussion (as the primary agent) when the bar is 
at a lower temperature than the welding heat. Here it must 
be observed that it is not the excess of hammering which pro- 
duces the effect, but Ihe absence of a sufficient degree of 
heat, at the time that the hammering takes place ; and the 
evil may probably all be produced by four or five blows of 
the hammer if the bar happens to be of a email size. In this 
case we witness the combined effects of percussion, heat, 
and magnetism, When the bar is hammered at the proper 
temperature, no such crystallization takes place, because the 
bar is insensible to magnetism ; but as soon as the bar be- 
comes of that lower degree of temperature at which it can be 
aSected by magnetism, the effect of the blows it receives is 
to produce magnetic induction, and that magnetic induction 
and consequent polarity of its particles, when assisted by 
further vibrations trom additional percussion, produces a 
crystallized texture." 

The crystallization of perfectly fibrous and ductile wrought- 
iron has long been a subject of dispute, and although we 
agree with most of Mr. Hood's views, we are not altogether 
prepared to adroit that the causes assignd are the only ones con- 
cerned in producing the change, or tliat more than one is n«e«- 
Bari/. Outheoccasionoftheaccident on the Versailles Railway 
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some ;FearB since, the whole array of science and practice were 
brought to bear upon the elucidation of the cause, Cndoubt- 
edlj the broken axle presented a crystalline fracture, but it 
has never been ascertained how far heat and magnetism xerc 
in operation as in the case of an axle, and more especial j acrank- 
axle, the constant vibration caused by irregularities in the vay 
and the weight of the engine appears to be quite sufficient to 
occasion the breakage without aid from the other forces. 
Undoubtedly in almost all cases of the sudden fracture of 
axles or wrought-iron bars, during employment, the fracture 
presents a crystaUine structure, but we believe that nnj 
molecular disturbance, such as impact, can effect this, thj 
only question being, how long will the material sustain t!ie 
action before it breaks. This question baa been attempted to 
be decided by direct experiment under the direction of the 
Commission on Railway Structures. It was found that with 
cast-iron bars subjected to long continued impacts, " when the 
blow was powerful enough to bend the bars through one-half 
of their ultimate deBi'Ction (that ia to say, the defloetinQ 
which corresponds to their fracture by dead pressure), no bar 
was able to stand 4000 of such blows in succession. But all 
the bars (when sound) resisted the effects of 4000 blows, each 
bending them through one-third of their ultimate deflection. 
These results were confirmed by experiments with a revolv- 
ing cam which deflected the bars. 

" In wrought-iron bars no very perceptible effect was produced 
by 10,000 successive deflections by means of a revolving 
cam, each deflection being due to half the weight which, 
when applied statically, produced a large permanent flexure." 
These results agree with those obtained by Mr. Fairbaim 
in regard to the effects of time on loaded bars of cast-iroa, 
already given. 

Arago and Wollaston have paid considerable attention to 
this subject, the latter having been the first to point out that 
native iron is disposed to break in oclobedra and tetrahedra, 
or combinations of these forms. The law which leads to 
fracture in wrought-iron from changes in the molecular struc- 
ture operates with more or less intensity in other bodies ; re- 
peated disturbances, in turn, destroying the cohesive force of 
the material by which they are held together. A French 
writer of eminence, Arago, appears to consider the crjstalliia- 
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tion of wrought-iron to be duo to the joint action of time and 
vibration, but we think with Mr. Hood that time and its du- 
ration depends entirely upon the intensity of the disturbing 
forces, and, moreover, that the time of fracture is retarded 
or accelerated in a given ratio to the intensity nith which 
these forces are applied. 

From the above etatements we may safely deduce the fact, 
that it is essential to the use of this material to consider the 
purposes to which it is applied, the forms to which it may be 
subjected, and the conditions under which it may be placed, 
in order to arrive at just conclusions as to the proportions, in 
order to afford to the structure (whatever that may be) ample 
security in its poirera of resistance to strain. 

On the subject of the strength of wrought-iron, we have 
before ns the researches of Mr. Fairbairn, in a paper entitled, 
" An Inquiry into the Strength of wrought-iron plates and 
their riveted joints, as applied to Ship-building and Vessels 
exposed to severe strains."" In that communication it is 
shown, from direct experiments, that in plates of rolled iron 
there is no material difference between those torn asunder in the 
direction of the fiber, and those torn asunder across the fiber. 
This uniformily of resistance arises probably from the way in 
which the plates are manufactured, which is generally out of 
fiat bars, cut and piled upon each 
other, asat A, one-half transverse- 
ly and theother half longitudinal 
in the line of the pile. From this 
it will be seen that in preparing the blooin or shingle for 
the rollers, the fiber is equally divided, and the only supe- 
riority that can possibly be attained is in the roHing, which 
draws the shingle rather more in the direction of the length 
of the plate than its breadth. 

• Philosoidiicttl Tr»n«actionB. part ii.. 18S0, p. 877, 
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In the following table we have the reaulta of the eiperi- 
ments: 



YorkBliire pliilea 

YorkBbiri! plates 

Derbyshire pUlea 

Stiropiibtre ptntea 

StafTordshirp plates 



25.770 




21760 


26.037 


21.8S0 


lasM 


22.629 


2S.I1M 


19^63 


!L01« 



I 



23.037 



Or as 22.5, 28.0, equal to about j'j in favor of those torn 

across the fiber. 

From the above it is gatUractory to know, so far as regards 
uniformity in the strength of plates, that the liability to rup- 
ture is as great when drawn in one direction as in the other; 
and it is not improbable, that the same properties would be ex- 
hibited, and the same resistance maintained, if the plates 
were drawn in any particular direction oWiquely across the 
fibrous or laminated structure, 

From the same author we select the results of a series of 

experiments on the tensile strength of S C ■^f bars of dif- 
ferent lengths, and about Ig in diameter. The following 
table gives the strains required for each of four succesive 
breakages of the same pieces of iron. These experiments 
are highly interesting, aa they not only confirm those made 
upon plates, but they indicate a progressive increase of 
strength, notwithstanding the elongation and the reduced sec- 
tional area of the bars. These facts are of considerable value, 
as they distinctly show that a severe tensile strain is not serious- 
ly injurious to the bearing powers of wrought-iron, even when 
carried to the extent of or increased four times repeated, aa 
was done in these experiments. In practice it may not be 
prudent to test bars and chains to their utmost limit of resist- 
ance ; it is nevertheless satisfactory to know that in cases of 
emergency those hmits may be approached without incurring 
serious risk of injury to the ultimate strength of the materia). 
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The ibilowing abstract gives the results of the ezperiments : 



Length betireen the nippen. 


BraaUog Strain In t<nu. 


H«an Ekmgatkm in InchM. 


Inehflt. 






120 


32-21 


260 


42 


32125 


9-8 


36 


32-35 


8-8 


24 


3200 


6-2 


10 


32-29 


4-2 



>' As all these experiments were made upon the same de- 
scription of iron, it may be fairly inferred that the length of 
a bar does not in any way affect its strength." 

Seduction qf the above Table. 



Length of bar. 


Eloogation. 


EloDgation per unit of length. 


Inches. 






120 


260 


•216 


42 


9-8 


•133 


36 


8-8 


•244 


24 


6-2 


•258 


10 


4-2 


•420 



^' Here it appears that the rate of elongation of bars of 
wrought-iron increases with the decrease of their length ; 
thus while a bar of 120 inches had an elongation of '216 
inch per unit of its length, a bar of ten inches has an elon- 
gation of *42 inch per unit of its length, or nearly double 
what it is in the former case. The relation between the length 
of and its maximum elongation per unit, may be approximately 
expressed by the following formula, viz. : 

where L represents the length of the bar, and I the elonga- 
tion per unit of the length of the bar." 

The above results are not without value, as they exhibit 
the ductility of wrought-iron at a low temperature, as also the 
greatly increased strength it exhibits with a reduced sectional 
area under severe strain. 

On the transverse strength of wrought-iron it will not be 
necessary to enlarge, as we have numerous examples before 



388 Five Black Abts. 

us in the oxperimentiS undertaken to determino the strength and 
form of the Britannia and Conway Tubular Bridges. ' In 
these experiments will be found an entirely new description 
and form of construction, which have emanated from them, 
and which have led to a new era in the hiatory of hridgea, 
and the application of wrought-iron to other purposes beaides 
thoae in coonootion with buildings, and its greatly extended 
application to the useful arts. For further information on 
this subject we refer the reader to Mr. Fairbairn's t and Pro- 
fessor liodgtinson's works, in both of which will be found 
data sufficient to establish the great superiority of malleable 
over cast-iron, or any other material, either as regards strength 
or economy in its application. 

On the resistance of wrought-iron plates to a force tend- 
ing to burst them, Rondelet has shown that it requires a force 
of 70,000 lbs. per square inch to produce fracture, and Mr. 
Fairbairn's experiments proved that a wrought-iron plate of 
one-quarter of an inch thick resisted a pressure from a ball 
3 inches in diameter, equal to that required to rupture a 3 
inch oak plank. 

At the request of the British Association, Dr. Thomson of 
Glasgow examined the chemical constitution of hot-blast iron, 
and he gives the following as the result of his inquiry : 

" (1.) Tlie Rpocilio graiilr of hot-Must iron is greater tban that of eolJ- 
bln-st. 

'■ Tlic rullowiiig ifi llio ppcciDc gravitii'B of eight specimens of cold-blasl 

J»l. Miiirtirli C-llO I 51h. Mulrklrk 6-77,i 

2il. Do. fi-lij I (ilh. Frurn Pyrites 6'9J4I 

3d. Do. EVn I 71!i. From Gurron C■9^W^e 

itb. Do. e-jTa I Ktb. Clyde Iroa-Workrt TOO!* 

"The tipeclfic gravity of tbo Muirkirk iron is coniildi'n\bly less tban n[ 
that >^in<'1led al Camiii and tlic Clydu Iron-Works ; the mtran of Ibceiglil 
siKtcinii'ii'' is 0.70 3 J. 

" It baa l>L'en hilherlo (.upposcd tb^t tbe diRi'rence between co-it-iron and 
malleable iron coasi^ts in tbe preheiicc of curbon in the TorDiur, and iu 
absence from Ihu latter : in other words, that east-iron is a carlwiret of iron. 
But ia ail tlic s|)eci mens of cost- iron which wo analjzcd we constnntiT 
found several other ingredienla besides iron and cnrbon. Mangancfo is 
prclty generally present in minute quantity, though in one i=pr.vimr'n it 
amoniiti'd to no less a cjuantity than 7 per ct'Qt, ; iLs average nmounl if i 
per cent. SUimn is never wanting, though it« amount is cxcci'dingly 

• S« »Ir. Filrbilni'i ud Ur. Edwlo CUrk'i work od lb« Connr and firiiuiib 
Tubultr Itrldgu. 
I " On tli« ftppnoUon of cut ina wiDagbt-imi la buUilIni piupOMi," ud " Until 



Iron — Strength and other Properties. 889 



Tariable, the average quantity is 1^ per cent ; some specimens contained 
3^ per cent of it, while others contained less than a half per cent. Alumi- 
num is very rarely altogether absent, though its amount is more variable 
than that of silicon. Its average amount is 2 per cent ; sometimes it ex- 
ceeds H per centjand sometimes it is not quite l-5000th part of the weight 
of the iron. 

'* Calcium and magnesium are sometimes present, but very rarely, and 
the quantity does not exceed l-5th per cent In a specimen of cast-iron 
which I got from Mr. Neilson, and which he had smelted from pyrites, there 
was a ti^e of copper, showing that the pyrites employed was not quite 
free from copper ; and in a specimen from the Clyde Iron-Works there was 
a trace of sulphur. The following table exhibits the composition of six 
different specimens of cast-iron, No. 1, analyzed in my laboratory, either by 
myself or by Mr. John Tennent 
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Copper 

Manganese .... 

Sulphur 

Carbon 

Silica 


2-458 
0045 
2-458 
0-450 
4-602 

0340 


2037 

3-855 
1-177 


Aluminum .... 

Calcium 

Magnesium, . . . 


1-651 



** The constant constituents ot cold-blast cast-iron, No. 1, are iron, man- 
ganese, carbon, silicon, and aluminum. The occasional constituents arc 
copper, sulphur, calcium, and magnesium. These occur so rare.ly, and in 
such minute quantity, that we may overlook them altogether. 

*' The constant constituents occur in the following mean atomic propor- 
tions: 

22 atoms iron = 77-00 

} atom manganese = 1-75 

4-36 atoms carbon = 3-27 

1 atom silicon = 1-00 

IJ aluminum = 1-40—84-42 

" (2.) I examined only one specimen of cast-iron, No. 2. It was an old 
specimen, said to have come from Sweden, but I have no evidence of the 
correctness of this statement Its specific gravity was 7-1633 higher than 
any specimens of cold-blast iron. No. 1. Its constituents were : 

Iron 93-594 

Manganese 0-708 

Carbon 3080 

Silicon 1-262 

Aluminum 0-732 

Sulphur 0038— 99-414 

** The presence of sulphur in this specimen leads to the suspicion that it 
is not a Swedish specimen ; for as the Swedish ore is magnetic iron, and tho 
fuel charcoal, the presence of sulphur in Uie iron is very unlikely.* 

• IhAT* been told hj Hr. MoBhet thai *Jie Swedes add folphnr to their iron No. 2 
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The mean of these analyses glyes ns, 

Atoms. 

Iron 95-584 or 27-31 ) -^ 

Manganese 0-871 or 0-249J ^ 

Carbon 2-099 or 2-79 ) 

Silicon 1*086 or 1-086 V 1- 

Aluminum 0-422 or 0-337 j 

101.285 

Or, in the proportion of 6} atoms of iron and manganese to 1 atom of 
carbon^ silicon, and aluminum. In ibc cold-blast cast-iron we have, 

Iron. Carbon, etc. 

In No. 1 3J atoms 1 atom. 

In No. 2 41 1 " 

In hot-blast 6 j 1 « 

<* Thus it appears, that when iron is smelted by the hot-blast its specific 
gravity is increased, and it contains a greater proportion of iron, and a 
smaller proportion of carbon, silicon, and aluminum, than when smelted 
by the cold-blast.'- 

THE STATISTICS OF THE IRON TRADR 

This article has already extended so much beyond the limits 
of our inquiry, that we must confine ourselves to an exceed- 
iqgly brief notice of the statistics of this important manufac- 
ture. In 1740 the iron trade suffered a sudden check from 
a falling off in the supply of charcoal, coal or coke not having 
been employed at that time for smelting. The annual pro- 
duction seems to have decreased from 180,000 to about 
17,850 tons per annum. 

Furnaces 69 

Tons 17,350 

TooB. ewt. qn. 

Annual average for each Aimace 294 1 I 

Weekly do. do 6 13 

Soon afterward the difiScuIties in the way of using coal 
were overcome, and the manufacture extended rapidly. The 
number of charcoal furnaces decreased, but the quantity pro- 
duced by each was considerably increased. The following 
table shows the state of the trade in 1788 compared with 
1740: 
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Tot^LlquantUjof chnrciml iron, in Brltsia, In ITSg 11.50S ^H 

Do. Doko do. do dS.SOa 

Total quantity of iron, In Britulo, ia 1789 6K.3M 

Do. iln. ITiO 17,350 

IncreuBcd prodare of pig Iron 50,950 

About the year \1QG it was contemplated hy Mr. Pitt to 
add to the revenue by a tax on coal. This met with a pow- 
erful opposition on the part of the maaufacturers and con- 
sumers, especially those ia the iron trade, A committee was 
appointed, witnesses were examined, nnd the measure aban- 
doned as unwise and impracticable. 

The following table shows the comparative make of pig 
iron in 1820 and 1827 : 

1820. 

Toni 100,000 

Fiirnnoce 284 

1827. 
Tons 600,500 

From that time to the present the manufacture has steadily 
increased. The following table gives the state of the trade 
in Great Britain in 1854 : 

Ko. of TVorks 228 

No. of Furnaces erected 724 

No. of Furniices in blast 655 

Total produce io tons 3,0G9,S71 

In connection with the above, we insert the following table 
from Mr. Kenyon Blackwell's paper on the Iron Industry of 
Great Britain, read before the Society of Arts. It gives the 
estimated production of crude iron in the various countries. 
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